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INTRODUCTION 


Background 


Hand-held  calculators,  a  product  of  technology  only  about  a  decade 
old,  have  now  become  standard  fixtures  in  many  classroom  and  field  situations. 
This  is  especially  true  in  certain  disciplines  such  as  engineering,  navigation, 
etc.,  where  extensive  calculations  need  to  be  performed  with  a  mobile  unit. 

More  recently  at  Ft.  Sill,  Oklahoma,  it  was  found  that  a  large  fraction  of  the 
calculations  performed  by  the  FADAC  Fire  Control  unit  could  be  programmed  into 
a  Texas  Instruments  TI-59  programmable  calculator. 

During  1981  several  manufacturers  marketed  or  announced  they  would 
market  hand-held  computers.  These  devices  have  as  much  or  more  power  than 
some  existing  microcomputers,  yet  retain  the  size  and  portability  advantages 
of  the  hand-held  calculators.  This  study  was  undertaken  to  examine  the  poten¬ 
tial  of  these  new,  more  powerful  devices. 


Purpose 


The  purpose  of  Task  I  of  this  study  was  to  survey  available  hand¬ 
held  computers  (HHCs)  and  compare  their  capability  to  serve  as  a  generic 
delivery  system  for  training  purposes.  Task  II  of  the  study  will  survey 
selected  Army  courses  taught  at  the  U.S.  Army  Ordnance  Center  and  School 
(USAOC&S),  and  suggest  specific  areas  which  could  be  more  effectively  taught 
using  HHCs.  This  HHC  study  is  focused  on  the  "mainframe"  of  the  HHC  rather 
than  on  the  peripherals.  The  guideline  for  the  study  was  that  the  machines  of 
greatest  interest  were  those  that  would  function  without  additional  components, 
peripherals,  wires,  and  connections  when  the  actual  training  use  was  taking 
place,  although  additional  components  and  connections  for  transferring  programs 
and  data  were  expected. 


Device  Definitions 


The  distinction  between  a  calculator,  a  hand-held  computer,  and  a 
microcomputer  is  not  clear.  Theoretically,  to  be  a  computer  by  the  von  Neuman 
definition,  the  device's  memory  must  be  capable  of  being  divided  dynamically 
into  either  program  or  data  storage.  That  is,  the  device  cannot  have  a  fixed 
partition  which  limits  the  number  of  variables  to  a  certain  number  and  reserves 
the  rest  of  the  memory  for  programming.  This  fixed  partitioning  is  evidenced 
by  machines  at  the  "calculator"  end  of  the  spectrum;  they  frequently  specify 
the  number  of  "program  steps"  permitted.  Some  devices  also  have  a  fixed  area 
for  variables,  but  "excess"  variables  needed  may  spill  over  to  the  program 
storage  area;  according  to  the  von  Neuman  definition,  these  just  qualify  as  a 
computer. 


Other  views  of  the  calculator  vs.  computer  distinction  argue  that 
calculators  do  all  calculations  in  floating  point  arithmetic,  handle  no 


alphanumeric  string  processing,  and  have  no  alphabetic  display  capabilities. 
All  of  these  definitions  tend  to  clarify  the  typical  characteristics  of  these 
machines,  but  this  study  nevertheless  made  some  examination  of  even  those 
machines  that  fall  into  the  "powerful  calculator"  classifications  by  most 
definitions. 

Distinguishing  an  HHC  from  a  microcomputer  on  the  basis  of  comput¬ 
ing  power  is  difficult  because  the  Apple  and  PET  computers  use  the  same  micro¬ 
processor  that  the  Quasar/Panasonic  HHC  uses.  A  fundamental  difference,  how¬ 
ever,  is  the  display  requirements  and  capabilities.  Microcomputers  require  ac 
line  current  to  power  their  relatively  large  cathode  ray  tube  (CRT)  displays. 
HHCs  have  small  displays  and  use  only  battery  power. 


Scope 


This  study  examined  the  uses  of  the  Hand  Held  Computer  (HHC)  as  a 
job  aid  in  an  enlisted  MOS  and  officer  speciality  resident  training  environ¬ 
ment.  Potential  unit  training  was  a  consideration  that  was  also  addressed. 
Because  resident  training  was  the  main  thrust  of  this  study,  those  applications 
which  were  non-training  related  were  de-emphasized.  Care  was  taken  to  avoid 
developing  a  reliance  on  the  HHC  that  would  handicap  the  student  when  he  was 
in  the  unit  at  his  job  site. 
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DISCUSSION 


Conduct  of  the  Study 


The  statement  of  work  for  this  task  included  a  list  of  questions  to 
be  asked  about  each  HHC.  After  doing  some  preliminary  reading  and  trying  out 
several  HHCs,  Battelle  expanded  the  list  of  questions;  the  final  list  of  HHC 
features  is  found  in  Appendix  A. 

To  fill  in  the  "features"  table,  Battelle  performed  a  literature 
search  to  identify  manufacturers  and  machines,  and  obtain  partial  and  prelimin¬ 
ary  data.  To  obtain  specific  information,  Battelle  contacted  the  information 
sources  noted  in  Appendix  C  in  person,  by  telephone,  by  mail  and  via  electronic 
mail.  Sample  issues  of  newsletters  were  obtained,  discussions  on  electronic 
networks  (PLATO)  were  initiated,  and  HHCs  were  borrowed  and  programmed.  A 
number  of  Battelle  experts  were  also  consulted. 


Devices  Noted 


This  investigation  found  quite  a  number  of  devices  which  were  candi¬ 
dates  for  initial  study.  Upon  examination  many  were  found  not  to  warrant 
further  study  because  they  fell  outside  the  guidelines  and  definitions  pre¬ 
sented  above  or  because  they  had  Inadequate  resources  to  be  useful.  A  summary 
of  all  devices  noted  and  their  reason  for  rejection  from  further  investigation 
(in  some  cases)  Is  presented  below. 

Panasonic  RL-H  1000  &  1400/Quasar.  These  two  machines  are  identical, 
but  are  being  marketed  differently  by  the  two  organizations.  This  HHC  is  the 
"cream-of-the-crop"  from  nearly  every  point  of  view.  It  is  accompanied  by 
a  relatively  vast  assortment  of  peripherals,  but  little  software  at  this  time. 
The  superiority  of  this  HHC  Is  based  on  a  fast  microprocessor  connected  to 
large  amounts  of  RAM  and  ROM  storage  (see  Appendix  D).  The  modular  construc¬ 
tion  makes  a  wide  number  of  applications  possible;  this  broad  market  should 
Insure  a  relatively  long  life  for  the  hardware  and  a  large  user  group  from 
whom  software  might  be  acquired.  Panasonic  plans  to  market  only  to  large 
buyers  who  will  need  custom-designed  software;  Quasar  will  concentrate  on  the 
retail  and  will  encourage  and  probably  help  market  software  written  by  many 
independent  vendors. 

Sharp  PC  1211 /Radio  Shack  TRS-80PC.  These  are  dually-marketed, 
essentially  identical  machines  with  parallels  to  the  Panasonic/Quasar  pair. 
Sharp  Is  selling  only  hardware;  Radio  Shack  is  retailing  with  relatively 
heavy  software  support.  This  device  Is  much  more  limited  in  capacity,  speed, 
and  peripherals  compared  to  the  Panasonic/Quasar  HHC  (see  Appendix  E).  It  is 
not  expandable,  but  as  a  calculator.  It  has  more  built-in  features  (trig  func¬ 
tions,  calculator  memory  locations,  etc.)  than  the  Panasonic/Quasar.  Sharp 
Is  designing  a  successor  to  this  model;  no  Improvements  or  additional  peri¬ 
pherals  will  be  developed  for  the  current  model.  Of  all  the  devices  examined, 
this  was  the  most  compact. 


Hewlett-Packard  HP-41C(V).  For  a  device  that  looks  like  a  calcula¬ 
tor,  this  machine  includes  a  comparatively  large  memory  and  numerous  peri¬ 
pherals.  Having  been  on  the  market  for  a  while,  there  is  a  selection  of 
proarammed  application  ROMs,  a  user's  library,  and  a  newsletter.  Though 
marketed  as  a  calculator,  internally  this  device  resembles  a  computer  more 
than  does  the  Sharp/Radio  Shack  machine.  The  41-CV  is  a  41C  with  more  memory 
(see  Appendix  F). 

Texas  Instruments  TI-59.  The  TI-59  is  somewhat  like  the  HP-41 C  in 
terms  of  age  and  abundance  of  supporting  software  and  use  experience,  but 
lacks  alpha  capabilities. 

Pinetree  2002.  The  Pinetree  device  is  designed  more  as  an  intelli¬ 
gent  hand-held  data  terminal  than  as  a  calculator  or  a  computer.  In  contrast 
to  all  the  devices  noted  above  which  have  a  few  optional  peripherals  built 
around  them,  the  Pinetree  is  designed  to  be  used  in  connection  with  a  central 
data  receiver.  Although  the  hand-held  unit  might  function  similarly  to  the 
other  devices  discussed,  no  other  machine  is  integrated  so  thoroughly  with  a 
central i zed  recei ver/transmi tter . 

Casio  FX-702P.  This  device  has  the  appearance  of  a  Panasonic/Quasar 
and  the  most  comprehensive  BASIC  language  of  any  HHC,  but  is  generally  program¬ 
med  with  function  keys  rather  than  alpha  commands.  It  resembles  a  program¬ 
mable  calculator  that  handles  alphanumerics  (see  Appendix  G). 

Transterm  1 .  Though  this  device  has  a  much  larger  display  than 
usual  (64  5x7  characters) ,  there  is  no  available  storage  in  the  128  byte  ROM 
which  could  be  used  for  training.  The  firm  said  they  have  plans  for  expanding 
the  memory  to  5-6K  in  the  future;  for  now  the  device  is  only  a  data  terminal. 

It  was  not  investigated  further. 

Sinclair  ZX81 .  This  new  microcomputer  is  the  least  expensive  ($150) 
microcomputer  available.  It  requires  ac  power  for  the  TV  monitor;  a  battery- 
powered  TV  could  be  used,  but  would  hardly  make  the  device  pocket  sized.  In 
the  future,  a  tiny  flat  TV  screen  to  be  marketed  by  Sinclair  (discussed  later) 
could  make  a  convenient  hand-held  device,  but  no  spokesperson  at  Sinclair 
would  give  details  about  forthcoming  products.  Accordingly,  this  device  was 
not  investigated  further. 

Newbury  New  Brain  MDB.  This  is  a  large  device  with  a  full-sized 
keyboard.  It  has  many  capabilities,  but  is  well  over  pocket-sized  (see 
Appendix  H)  and  has  a  short  battery  life. 

Nixdorf .  Popular  press  reports  that  Nixdorf  is  producing  hand-held 
computers  are  apprently  based  on  conjecture  that  because  Nixdorf  produced  a 
hand-held  language  translator  with  Friends  Amis  (who  are  producing  software  for 
Panasonic/Quasar),  they  would  also  follow  with  a  computer.  No  further  investi¬ 
gation  was  made. 
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Table  of  Features 


Appendix  A  presents  the  important  features  of  the  various  calculators 
and  HHCs  which  were  investigated  further.  In  several  cases.  Battel le  did  not 
feel  confident  that  the  answers  supplied  were  accurate;  in  other  cases, 
vendors  promised  to  search  for  the  answers  to  questions,  but  those  answers 
have  not  yet  been  received.  In  both  cases,  a  blank  spot  has  been  left  pending 
further  information.  The  most  regularly  missing  data  are  those  related  to 
ruggedness  and  environmental  requirements.  Those  measurements  have  not,  in 
general,  been  made,  and  when  made,  are  considered  proprietary. 

The  following  subsections  discuss  aspects  of  the  six  more-thoroughly 
investigated  devices  which  are  not  adequately  portrayed  by  the  table  data. 

The  data  reported  in  the  table  are  focused  more  strongly  on  features  of 
interest  to  the  user  and  less  strongly  on  features  helpful  to  a  programmer. 


Panasonic/Quasar  Overview 
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Even  if  this  HHC  aid  not  have  such  a  powerful  processor  or  if  it 
required  ac  power  to  operate,  the  Panasonic/Quasar  would  be  worth  mentioning 
as  a  valuable  new  microcomputer.  This  rather  significant  assertion  is  based 
upon  the  excellent  man-machine  interface  design  and  the  well -prompted  software 
in  this  HHC  For  example,  when  first  turned  on,  a  menu  of  available  options  is 
presented,  one  item  at  a  time  labeled  with  the  key  to  access  the  option.  If 
application  or  language  ROMs  have  been  attached  anywhere  in  the  system,  they 
automatically  appear  in  the  menu.  Selection  of  an  option  gives  further  simi¬ 
lar  sub-menus  until  the  program  or  function  desired  has  been  reached.  Hitting 
the  CLEAR  key  moves  one  up  the  menu  one  level.  When  Battel le  staff  showed 
this  device  to  people  unfamiliar  with  this  HHC,  they  could  immediately  figure 
out  how  to  use  the  menu  features  with  no  instructions.  The  speed  with  which 
menu  items  are  changed  is  controllable  by  the  user  at  10  speeds.  A  HELP  key 
explains  the  purpose  of  an>  key. 

Because  of  the  large  array  of  peripherals,  Panasonic/Quasar  provides 
three  sizes  of  "trays"  which  make  the  HHC  package  rigid.  The  largest  tray 
holds  six  peripherals  and  is  12"xl7".  This  is  really  larger  than  "handheld" 
or  "pocket  sized",  but  many  of  the  peripherals  important  for  this  study  would 
add  only  4"  to  the  length  of  the  HHC  mainframe.  These  peripherals  include 
extra  RAM,  the  printer,  or  the  RS-232C  port.  Any  of  these  devices  can  be 
attached  easily  and  tightly  to  the  HHC  mainframe  and  be  supported  by  a  plastic 
"tray".  If  the  44-pin  connector  is  not  properly  seated,  the  HHC  beeps.  All 
connects  and  disconnects  can  be  made  with  the  power  on. 

Another  example  of  the  excellent  engineering  is  the  battery  system. 
When  batteries  run  low,  a  message  appears.  The  device  can  continue  to  be  used, 
but  each  keystroke  causes  a  protesting  beep  (though  the  keys  are  processed). 

If  use  is  continued,  the  machine  will  finally  shut  itself  down  to  retain  its 
memory.  If  the  NiCd  batteries  have  worn  out  and  need  to  be  replaced,  capaci¬ 
tors  maintain  voltage  levels  for  a  time  while  the  change  is  made.  The  RAM 
peripherals  have  batteries  to  keep  their  memory  from  becoming  volatile:  the 
batteries  are  not  used  for  power,  but  only  to  maintain  a  voltage.  Thus, 
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instead  of  putting  a  low  battery  indicator  on  the  external  RAM,  a  label  is 
used  to  indicate  when  the  shelf  life  of  the  battery  will  expire.  The  capaci¬ 
tors  protecting  this  memory  are  sufficient  that  Dennis  Reer  of  Panasonic  could 
connect  and  disconnect  the  RAM  without  losing  the  memory  contents  even  though 
the  RAM  lacked  the  usual  batteries.  This  is  not  a  recommended  procedure;  how¬ 
ever,  it  does  demonstrate  how  forgiving  the  system  is.  No  other  device  had 
such  a  carefully  designed  power/battery  protection  system. 

Many  of  the  most  powerful  features  of  this  HHC  are  available  only 
using  the  SNAP  language  (a  compact,  threaded  language).  This  is  normally 
written  on  an  Apple  computer  and  downloaded.  Within  the  constraints  of  this 
study,  a  detailed  examination  of  SNAP's  capabilities  was  not  possible; 
however,  the  following  items  were  determined.  Using  SNAP  a  programmer  can 
selectively  turn  on/off  any  of  the  159x8  LCD  matrix  points  effectively  creat¬ 
ing  crude  graphics,  iconic  representations,  or  special  alphabets.  This  was 
the  only  HHC  that  could  do  this  on  its  display.  In  this  mode  the  LCD  can  be 
split-screened  and  can  have  animation.  Dennis  Reer  reported  that  a  demon¬ 
stration  of  these  features  had  been  given  at  the  press  release  meeting,  but 
the  demonstration  was  not  available  for  the  Battelle  visit. 

One  important  peripheral  change  from  the  January  1981  Byte  Magazine 
announcement  of  this  product  is  the  replacement  of  the  cassette  tape  recorder 
with  a  tiny  5.25"  floppy  disk  (not  yet  available).  This  change  was  made  to 
improve  speed  and  reliability. 

Software  expertise  from  Friends  Amis,  Inc.,  has  provided  some  clever 
text  storage  compression  advantages,  claimed  to  be  a  savings  of  nearly  50%. 
Many  features  such  as  the  modified  Huffman  coding,  the  Mapping  Algorithm,  and 
alphabetized  list  techniques  (all  described  in  the  January  1981  Byte  article) 
could  save  considerably  in  the  preparation  of  certain  dril 1-and-practice  or 
information  retrieval  tasks;  however,  proprietary  programming  licenses  from 
Friends  Amis  would  be  needed. 

Based  on  addressing  limitations,  the  maximum  RAM  or  ROM  possible  is 
4  Megabytes.  More  practically,  however,  the  current  I/O  bus  expander  has  only 
six  ports.  Each  RAM  peripheral  will  add  8K  (16K  in  1982)  and  each  ROM  peri¬ 
pheral  will  add  up  to  64K  (four  interchangeable  modules  of  16K). 

Because  this  device  has  a  RS-232C  serial  interface,  it  can  easily  be 
connected  to  non-HHC  peripherals  or  other  computers.  Data  rates  vary  from  50- 
9600  baud  in  11  steps.  For  remote  use  an  acoustic  coupler  at  110  or  300  baud 
is  available. 

Despite  the  fact  that  the  keyboard  is  as  good  or  better  than  other 
HHCs  which  were  studied,  few  programmers  would  want  to  enter  large  amounts  of 
programming  or  data  via  the  keyboard.  It  is  more  appropriate  to  develop  and 
debug  programming  on  a  large  computer,  then  download  it  to  this  HHC  for  deli¬ 
very.  Additional  flexibility  may  be  forthcoming:  a  Wall  Street  Journal  arti¬ 
cle  reported  ROMs  for  COBOL,  PASCAL,  and  FORTRAN  were  being  planned.  With 
minor  difficulty  one  can  touch  type,  but  for  most  training  uses,  this  does  not 
seem  Important.  The  only  keyboard  feature  the  Battelle  study  found  proble¬ 
matic  was  that  deletion  of  lines  of  code  was  too  easy:  the  "delete"  function 
should  require  two  keys.  Again,  this  is  not  a  problem  for  students. 
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The  BASIC  language  available  (8K)  has  fairly  powerful  string  manipu¬ 
lation  capabilities,  but  many  commonly  found  features  (for  example,  trigno- 
metric  functions)  must  be  supplied  by  the  user,  if  needed. 

If  one  were  teaching  topics  that  required  strictly  numerical  inputs 
and  calculations,  the  BASIC  available  on  other  machines  would  be  more  desirable. 
The  BASIC  provided  seems  appropriate,  however,  given  the  other  alpha  capabili¬ 
ties. 

Summary.  Overall  the  Quasar/Panasonic  HHC  is  the  top  of  the  line 
among  the  HHCs  investigated.  Its  price  is  higher,  but  the  performance,  peri¬ 
pherals  available,  thoughtful  design,  and  flexibility  give  this  device  the 
widest  range  of  potential  uses  of  any  of  the  HHCs.  One  can  imagine  that 
Student  data  could  be  stored  in  an  internal  RAM,  the  HHC  could  periodically  be 
connected  to  an  external  RAM  to  have  its  student  data  dumped.  The  instructor 
could  use  his  HHC  to  sort  and  print  the  data  from  the  external  RAM  and  then 
use  a  modem  to  send  it  to  a  large  central  computer.  Alternatively,  if  desired, 
a  student  external  RAM  could  collect  large  amounts  of  data  and  the  RAMs  could 
be  collected  from  time  to  time  so  that  their  contents  could  be  transmitted 
elsewhere.  In  either  case  a  central  computer  could  download  software  based 
on  the  student  performance:  new  topics,  remediation,  or  enrichment  material. 


The  Radio  Shack/Sharp  HHC  is  unique  in  that  it  utilizes  two  micro¬ 
processors.  Also  in  contrast  to  most  of  the  other  HHCs,  it  is  not  expandable 
via  application  modules  or  memory  extendors.  All  preprogrammed  material  must 
be  entered  via  the  cassette. 

For  a  HHC  with  a  full  QWERTY  keyboard,  this  device  is  very  light¬ 
weight  and  thin.  Its  display  consists  of  character  areas,  not  a  continuous 
matrix;  graphics  and  special  characters  cannot  be  made.  Like  the  Panasonic/ 
Quasar,  this  HHC  will  store  a  BASIC  programming  statement  that  is  80  charac¬ 
ters  long,  even  though  the  number  of  characters  that  can  be  viewed  in  the  dis¬ 
play  is  only  about  one-third  that  many.  The  version  of  BASIC  is  fairly 
complete  for  arithmetic  calculations,  but  it  has  no  powerful  string  parsing 
commands.  The  size  of  BASIC  program  that  can  be  stored  is  confusing:  the 
figures  of  30-40  lines  and  250  lines  of  BASIC  have  been  printed  and  quoted  for 
both  the  Sharp  and  Radio  Shack  version.  In  either  case  the  device  suffers 
from  low  RAM  storage  capacity  and  lack  of  interchangeable  ROM  capability. 

When  the  low  battery  indicator  appears,  all  programming  and  data  need  to  be 
moved  to  the  cassette  because  the  batteries  are  not  rechargeable,  no  ac  adaptor 
is  available,  and  no  capacitors  protect  memory  during  battery  changing. 

A  tray  holds  the  printer  and  HHC  firmly  together  so  that  they  could 
be  used  as  a  single  hand-held  unit  (total  size  1-1/2"  x  11-1/8"  x  3-3/4"). 

Radio  Shack  is  selling  and  developing  software  for  this  device.  Very  few  of 
the  announced  titles  appear  useful  to  the  Army. 

Summary.  This  is  a  low  cost,  low  performance  device.  If  one  didn't 
need  an  alpha  keyboard  and  BASIC,  the  TI-59  or  HP-41C  would  probably  be  pre¬ 
ferred  for  speed,  storage  capacity,  and  interchangeable  ROMs.  If  these 
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trade-offs  cannot  be  made,  the  Radio  Shack/Sharp  is  the  cheapest  HHC  available. 
Sharp  representatives  indicated  they  didn't  expect  to  add  accessories  to  their 
device,  but  rather  are  working  on  a  new,  more  powerful  HHC. 


Pinetree 


This  HHC  is  unlike  any  of  the  other  devices  investigated  for  this 
study.  It  is  sold  as  standard  product,  but  is  customized;  it  is  assembled  by 
a  small  U.S.  organization,  not  a  multi-national;  and,  most  importantly,  it  is 
designed  to  be  regularly  connected  to  a  central  receiver/transmitter  (as  a 
data  terminal  might  be)  rather  than  being  essentially  a  free-standing  unit. 

It  closely  resembles  a  data  terminal,  and  was  probably  designed  as  one,  but  it 
may  have  potential  for  Army  training  applications. 

Though  its  keys  are  few  (16),  two  keystrokes  per  letter  provide 
alpha  input,  and  three  sockets  for  8K  RAM  or  ROM  potentially  provide  room  for 
some  training  programs.  An  unusual  feature  (for  an  HHC)  is  the  built-in 
telephone  modem  that  also  lets  two  2002s  communicate  with  each  other.  When 
normal  speed  transmission  (300  baud)  causes  errors,  the  unit  automatically 
slips  to  100  baud.  The  receiver  can  communicate  with  four  2002s  simultaneously. 
It  has  built-in  intelligence,  but  is  designed  to  be  connected  to  a  computer 
(at  up  to  9600  baud). 

Summary.  This  device  clearly  has  some  strong  limitations  and  cannot 
have  broad  applications,  but  its  unusual  architecture  suggests  that  there  may 
be  applications  where  its  communications  capabilities  can  be  used  to  advant¬ 
age.  However  terminals  with  less  cumbersome  input  should  be  found  if  this 
type  of  device  is  found  useful. 


HP-41C(V) 


This  HHC  looks  like  a  calculator  on  the  outside,  and  like  a  computer 
on  the  inside.  For  example,  it  has  a  full  alphabet,  but  not  in  QWERTY  layout. 
It  is  programmed  in  Reverse  Polish  Notation  (RPN)  logic,  not  a  language.  It 
has  keys  for  many  functions,  but  these  functions  can  also  be  spelled.  Inside 
it  can  do  moderate  string  manipulation  and  can  even  print  user-designated 
characters  on  its  printer.  The  peripherals  available  include  a  printer, 
magnetic  card  reader/writer,  and  a  wand  for  readinq  bar  codes.  Four  ports  let 
the  user  connect  ROM,  RAM,  or  peripherals.  Since  earlier  calculator's  magnetic 
cards  are  compatible,  a  large  library  of  routines  and  a  considerable  user  group 
is  available.  Unfortunately,  the  magnetic  cards  are  comparatively  fragile  for 
field  use;  the  bar  code  reader  provides  a  reasonable  input  device,  however. 

Summary.  The  reported  speed  and  storage  capacity  of  this  device  make 
it  a  strong  competitor  against  the  Sharp/Radio  Shack.  Input  (other  than  the 
HP  ROMs)  is  slow  for  either  machine,  but  the  two  big  "advantages"  of  the  Sharp/ 
Radio  Shack  (the  BASIC  language  and  a  QWERTY  keyboard)  are  not  of  particular 
advantage  for  the  Army  training  need. 


TI-59 


The  TI-59  might  not  have  been  included  had  not  the  Fort  Sill  experi¬ 
ence  with  hand-held  devices  used  it.  The  TI-59  is  much  more  clearly  at  the 
calculator  end  of  the  spectrum.  It  has  limited  alpha  capability,  no  program¬ 
ming  language,  and  a  single  and  small  display.  As  a  programmable  calculator 
it  is  fast,  efficient,  and  (with  overlays)  simple  to  use. 

Summary.  For  a  task  that  requires  no  prompting,  short  usage  periods 
(3-hour  battery  life),  and  high  numerical  accuracy,  the  TI  is  very  appropriate. 


Casio  FX-702P 


Casio  makes  two  HHCs  which  might  be  considered  for  inclusion  in  this 
study:  the  FX-602P  and  FX-702P.  Despite  the  similarity  in  designations,  the 
devices  are  quite  different.  The  702  is  formatted  horizontally  like  the  Pana¬ 
sonic  or  Sharp,  and  the  602  is  formatted  vertically  like  the  HP  or  TI.  The 
702  seems  like  the  device  with  the  most  potential  for  Army  training.  Unfor¬ 
tunately  Casio  maintains  only  sales  and  repair  staff  in  the  U.S.  and  available 
information  is  limited. 


The  important  features  of  the  702,  as  gleaned  from  the  September  16, 
1981  EDN  magazine  are:  a  65-key  A8CDE  format  keyboard,  the  greatest  math 
power  of  any  of  the  HHCs  listed,  an  extra-powerful  and  compact  BASIC,  inter¬ 
changeable  ROMs,  single-use  Li  batteries,  and  a  $200  list  price. 

Summary.  Its  limited  peripherals  and  non-expandable  memory  are  its 
chief  limitations  compared  to  the  HP-41C.  On  the  surface  this  device  seems 
to  compete  most  directly  with  the  HP-41 C. 


HHC-Related  Devices 


Because  HHCs  are  still  relatively  new,  there  are  many  devices  that 
might  be  expected  to  be  used  as  peripherals  for  them  in  the  near  future.  This 
section  looks  at  new  technologies  which  would  expand  the  use  of  the  present 
HHC  for  Army  training  purposes. 

Sinclair  Microvision  Flat  TV.  The  lack  of  graphics  is  a  considerable 
constraint  on  myriad  teaching  applications.  Printer  graphics  are  sometimes 
helpful,  but  cannot  be  animated.  Even  though  a  battery-powered  TV  could  be 
connected  to  the  Panasonic/Quasar  (or  could  make  the  Sinclair  ZX81  a  more 
viable  portable  computer),  few  if  any  hand-held  TVs  have  the  proper  size  and 
configuration  to  make  a  device  one  could  call  hand-held.  However,  Appendix  I 
shows  an  inexpensive  flatscreen  TV  which  is  a  possible  entrant  for  this  role. 

Data  Terminals.  Though  not  investigated  in  this  study,  there  may  be 
uses  for  low-cost,  handheld  data  terminals  in  Army  training.  These  devices 
simply  hold  the  user  input  until  "dumped"  at  some  central  site.  Often  used 
industrially  for  inventory  control,  these  could  potentially  be  used  for 
student  management  tasks  of  some  kind. 
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Smart  Cards.  Smart  cards  are  microprocessoi s  and  storage  which  are 
embedded  in  a  credit  card-sized  piece  of  plastic.  They  can  store  and  process 
data  when  inserted  into  a  reader.  The  familiarity  and  durability  of  this  type 
of  packaging  suggests  it  as  an  alternative  to  plug-in  modules  of  RAM  for  the 
purposes  of  transferring  data. 

Voice  Output.  Voice  synthesis  would  allow  soldiers  working  at  night 
and  without  light  to  use  HHCs,  it  would  free  the  user  from  watching  the  dis¬ 
play  while  performing  some  action  or  making  an  observation,  and  would  compen¬ 
sate  to  some  extent  for  the  small  display  space  available  on  HHCs.  The  high 
density  storage  techniques  developed  by  Friends  Amis  could  be  adapted  to  feed 
a  phoneme  generator  like  the  Votrax.  Panasonic  spokesman  Reer  noted  that 
Panasonic  was  marketing  talking  calculators  and  microwave  ovens;  though  no  HHC 
synthesizer  was  currently  being  readied  for  marketing,  any  customer  needing  a 
synthesizer  could  expect  quick  development  on  such  a  device. 


Potential  Applications 


Appendix  B  presents  a  discussion  of  potential  applications  for  HHCs. 

It  is  very  preliminary  and  the  examples  will  be  expanded  as  part  of  Task  II  of 
this  study.  The  examples  were  devised  by  examining  the  capabilities  of  exist¬ 
ing  HHCs  and  imagining  how  they  could  be  used  for  training.  An  array  of  needs 
was  examined:  both  "types  of  computer  tasks": 

•  direct  instruction  (CAI) 

•  training  management  (CMI) 

•  job  aid  or  tool  uses 

and  "types  and  sites  of  training": 

•  MOS 

-  classroom 

-  field 

•  basic 

•  of f i cer 

•  exported 

•  self-training. 

After  discarding  uses  where  another  medium  was  more  cost-effective  (for  example, 
flash  cards)  and  cases  where  HHC  held  no  advantage  (for  example,  when  port¬ 
ability  adds  nothing),  Battelle  estimated  the  computer  resources  needed.  The 
survivors  of  that  selection  process  are  found  in  Appendix  B. 


Findings 


The  overall  conclusion  Is  that  there  are  HHCs  available  that  have 
the  capabilities  to  perform  important  training  tasks.  All  of  the  commercially 
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available  HHCs  have  extra  features  (e.g.,  perpetual  calendar,  programming  keys, 
etc.)  that  may  not  be  needed  for  training  applications.  Although  additional 
memory  and  peripherals  would  enhance  any  existing  HHC,  several  of  the  current 
devices  could  handle  a  reasonable  subset  of  the  training  applications  identi¬ 
fied.  As  stated  previously,  the  Panasonic/Quasar  is  clearly  the  most  versa¬ 
tile,  powerful  HHC. 

Until  the  training  applications  are  more  fully  defined  and  compared 
with  the  capabilities  of  the  various  available  devices,  firm  conclusions  about 
the  most  appropriate  and  cost-effective  HHC  cannot  be  made.  However,  for  the 
conduct  of  a  test  and  evaluation  to  determine  the  feasibility  of  using  HHCs 
for  training,  it  is  not  advisable  to  buy  the  minimum  capacity  or  lowest  cost 
device,  since  only  a  limited  number  of  devices  will  be  procured.  It  may  turn 
out  that  additional  features  are  required  for  some  unforeseen  reason.  There¬ 
fore,  it  is  recommended  that  a  single  type  of  HHC  with  maximum  capability  (or 
two  qualitatively  different  HHCs  with  high  capabilities)  be  selected  for  use 
in  feasibility  studies. 


General  Issues 


Three  important  issues  surfaced  as  the  data  collection  process  was 
taking  place.  First,  few  manufacturers  have  considered  field  conditions  other 
than  an  office  in  designing  and  testing  their  HHC.  Environmental  and  rugged¬ 
ness  data,  when  known,  are  typically  proprietary.  This  area  of  the  study  was 
consistently  lacking  in  data  and  will  require  Army  field  testing  and  evalua¬ 
tion  of  various  resident  training  and  unit  applications  for  this  type  of  data 
to  be  collected. 

Second,  the  data  gathered  are  imperfect  for  measuring,  except  in  a 
crude  way,  the  differences  between  storage  capacity,  speed  of  execution,  and 
ease  of  use.  For  example,  some  HHCs  used  elaborate  encoding  to  save  space 
or  increase  speed.  (For  example,  the  Panasonic/Quasar  uses  the  same  processor 
as  an  APPLE,  but  is  reportedly  faster.)  Furthermore,  the  calculator-like 
devices  counted  storage  in  terms  of  steps  and  registers,  not  bytes.  Finding 
an  equivalence  between  these  measures  is  not  a  mathematical  calculation.  The 
only  true  measure  of  storage,  speed,  and  ease  of  use  (as  a  programmer  or  a 
student)  would  be  to  write  several  programs  of  several  types  and  benchmark  the 
devices  of  interest  against  these  tasks. 

The  third  issue  concerns  storage  in  RAM  versus  ROM.  Some  HHCs  use 
only  RAM  for  application  programs.  RAM  is  often  physically  larger  and  more 
expensive  than  ROM;  in  other  ways  RAM  can  do  anything  ROM  can  do.  Because 
RAM  can  be  erased  and  written  by  the  user  (or  his  program),  it  is  more  flexible. 
This  means,  however,  that  (in  contrast  to  ROM)  it  can  be  accidentally  or 
deliberately  erased.  RAM  is  particularly  important  to  have  in  large  quantities 
for  uses  which  involve  large  quantities  of  data  or  user-written  programs. 
However,  the  only  obvious  cases  where  substantial  amounts  of  RAM  are  needed 
for  training  purposes  are  those  involving  computer  managed  instruction  (CMI) 
or  "tailored"  programs  which  would  be  selected  for  individual  students, 
specially  defined  and  assembled  by  a  central  computer,  and  hooked  into 
student's  HHCs.  For  disseminating  more  typical  programs,  it  would  be  easier. 


possibly  cheaper,  and  more  reliable  (with  respect  to  erasure)  to  store  applica¬ 
tion  programs  in  ROM  and  distribute  the  "standard"  ROM  or  a  HHC  with  the  appro¬ 
priate  ROM  already  in  place. 


General  Problems 


During  the  conduct  of  this  study,  Battel le  was  reminded  of  several 
problems  that  can  be  expected  to  occur  in  the  programing  and  use  of  HHCs. 

Pilferage.  The  value-to-volume  ratio  of  HHCs  makes  them  an  ideal 
target.  In  addition  to  the  normal  control  mechanisms  used  to  avoid  theft 
problems,  it  is  desirable  to  build  into  the  system  as'many  safeguards  and 
obstacles  as  possible.  Dennis  Reer  of  Panasonic  had  the  most  innovative  sug¬ 
gestions  —  some  of  which  apply  to  other  devices  as  well.  He  suggested  that 
the  value  of  the  device  would  be  much  lower  if  user-supplied  ROMs  were  not 
easily  inserted.  Therefore,  he  said  Panasonic  could  manufacture  an  HHC  with  a 
solid  back.  The  street  value  for  a  device  that  had  to  be  dissembled  to  change 
application  packages  would  be  low.  The  master  on/off  switch  could  also  be 
eliminated  to  avoid  accidental  or  deliberate  data  loss.  Minor  customizing  of 
the  internal  ROM  software  would  be  needed  to  require  a  password  before  delet¬ 
ing  RAM  files. 

Security.  Panasonic  offered  to  help  Battelle  make  contacts  with  the 
creator  of  several  encrypting  algorithms  (non-trap-door)  which  would  be  easily 
implemented  on  their  HHC.  Such  a  security  mechanism  would  be  valuable  if 
classified  information  were  included  in  a  training  program. 

Guard  Digits.  All  computers  suffer  from  round-off  errors.  As  a 
result,  an  answer  which  should  be  "2"  may  appear  as  1.99999999  or  2.00000001, 
for  example.  Occasionally  the  lack  of  accuracy  may  be  a  real  shortcoming 
technically,  more  often  high  accuracy  is  not  needed,  but  the  unexpected 
answers  can  cause  confusion.  To  avoid  this  problem  some  manufacturers  use 
"guard  digits",  i.e.,  additional  digits  which  are  used  to  calculate  the  answer, 
but  are  not  displayed.  For  example,  the  answer  may  be  calculated  to  the  near¬ 
est  billionth,  but  displayed  only  to  the  nearest  millionth.  Although  the 
round-off  errors  still  occur,  when  the  answer  is  displayed  with  fewer  signifi¬ 
cant  digits,  no  round-off  error  can  be  discerned. 


Subtle  Programming.  In  some  cases,  programming  and  optimizing  the 
execution  of  software  on  an  HHC  is  not  as  simple  and  straightforward  as  is 
programming  a  larger  computer.  Many  versions  of  BASIC  have  unusual  definitions 
the  integer  portion  of  -2.54  is  often  calculated  as  "-3".  Also,  many  user 
groups  find  unreported  features.  One  user  found  83  plotable  characters  on  the 
HP-41 C  instead  of  the  59  advertised.  Another  found  a  way  to  make  the  TI-59  run 
twice  as  fast.  Contact  with  user  groups  can  often  point  up  these  curious,  but 
helpful,  bits  of  data. 


Pocketing  HHCs.  The  pocket  sizes  on  the  new  fatigue  uniforms  are  as 
follows:  trouser  thigh  pockets  (2)  -  9"  long  x  9"  wide  x  3"  deep  (expandable 
on  only  one  side);  jacket  chest  pockets  (2)  -  6"  lonq  x  5"  wide  x  2"  deep  (ex¬ 
pandable  on  only  one  side);  jacket  bottom  pockets  (2)  -  6"  long  x  6-1/2"  wide  x 
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2-1/2"  deep.  Several  manufacturers  of  HHCs  have  reconmended  they  not  be 
carried  in  back  pockets  to  avoid  stress  on  the  cases.  Our  observation  is 
that  the  HHC  should  not  be  carried  in  the  thigh  pocket  as  the  computer  is  too 
susceptible  to  damage  in  that  location.  Most  HHCs  studied  would  extend  over 
the  top  of  the  jacket  pockets,  but  could  be  carried  there,  if  desired. 

Handling  HHCs.  As  previously  noted,  most  manufacturers  have  not 
considered  environmental  conditions  other  than  an  office  environment  in  design¬ 
ing  their  HHCs.  Use  of  an  HHC  by  students  in  a  field,  classroom,  barracks  or 
shop  setting,  where  the  device  can  be  dropped  or  have  liquids  spilled  on  it, 
etc.,  will  shorten  the  life  of  the  typical  HHC.  The  ruggedness  and  reliability 
of  the  various  HHCs  may  limit  the  environments  in  which  they  can  be  effectively 


Panasonic/Quasar  Sharp/Radio  Shack  Pinetree  HP-41C  (V)  Tl-59 


Users  have  found  83,  however. 


Panasonic/Quasar  Sharp/Radio  Shack  Plnetree  HP-41C  (V)  TI-S9 


A-2 


Memory  is  protected  when  batteries  are  down. 


POTENTIAL  APPLICATIONS 


This  section  identifies  and  defines  8  generic  applications  of  compu¬ 
ter  devices  to  training.  These  applications  are  generic  in  the  sense  that 
they  do  not  consider  the  content  of  the  application,  but  rather,  its  form. 
These  possible  applications  may  not  be  useful  in  every  training  situation,  and 
have  to  be  examined  in  light  of  specific  training  needs  and  computer  capabili¬ 
ties. 


In  general,  the  HHC's  small  size  and  self-contained  power  source 
make  it  useful  in  a  field  situation,  for  on-site  unit  training,  or  wherever 
micros  are  not  available  or  easily  assessable.  The  HHC  can  also  be  used  as  a 
personal  training  aid  in  the  school  environment  (classroom,  laboratory  or 
learning  center).  Special  programs,  lessons,  games,  etc.,  can  be  loaded  on 
the  HHC  and  student  data  can  be  off-loaded  periodically.  Further,  the  HHC 
can  be  used  for  exported  continuing  education. 


1.  Job  Performance  Aids 


In  this  application,  the  HHC  is  used  as  a  dynamic  information  stor¬ 
age  and  retrieval  device,  or  as  a  special-purpose  calculator.  Job  performance 
aids  can  be  used  for  review  prior  to  practical  exercises,  and  can  provide  OJT 
through  their  use  on  the  job.  The  focus  of  this  study  is  on  application  of 
HHC's  to  training  rather  than  their  use  as  a  job  performance  aid. 

Examples  of  this  application  are: 

1.  Storage  of  parts  lists  and  identification  numbers 

2.  Storage  of  diagnostic  check  lists 

3.  Use  as  a  special-purpose  calculator  for  training 
engineers,  field  artillery  officers,  supply 
officers,  chemical  technicians,  etc.,  in  the  use 
of  less  powerful  calculators  and  tables. 


2.  Tutorials 


In  this  application  the  HHC  presents  instructional  information  (text 
or  graphics),  followed  by  questions.  Student  answers  are  given  immediate 
feedback;  then  more  information  is  presented.  The  instructional  information 
can  be  original  or  remedial  material.  The  sequence  of  presentation  can  be 
linear  or  branching.  The  HHC  can  also  store  reference  information  and  provide 
it  upon  request. 

Programmed  instruction  (as  commonly  provided  by  a  microcomputer  or 
central  computer)  best  illustrates  this  application. 


3.  Drill  and  Practice 


The  purpose  of  drill  is  to  consolidate  learning  that  has  already 
occurred.  In  this  application  the  HHC  generates  or  selects  problems,  and 
presents  them  to  the  student.  Student  answers  are  given  immediate  feedback; 
then  additional  problems  are  presented.  Problems  can  be  generated  randomly 
or  selected  from  lists.  Feedback  can  be  diagnostic  or  non-diagnostic. 
Problem  difficulty  can  be  adaptive  or  non-adaptive. 

Examples  of  this  application  are: 

1.  Drill  on  technical  terms  or  symbols 

2.  A  timed  drill  on  arithmetic  facts  or  foreign 
languages 

3.  Drill  on  hardware  identification 

4.  Drill  in  cross-referencing  technical  manuals 

5.  Adaptive  speed  semaphore  or  Morse  code  signal 
practice. 

4.  Problem  Solving 


In  this  application  the  student  enters  a  problem  (e.g.,  assigned 
practice  problems),  and  works  toward  its  solution  on  the  HHC.  As  the  student 
works  the  problem,  the  computer  checks  the  equations  used,  the  procedural 
steps,  and  the  final  solution.  Guidance  and  feedback  can  be  provided  by  the 
computer  throughout  the  process.  This  application  can  be  used  with  mathe¬ 
matical,  scientific/engineering,  or  procedural  problems. 


5.  Inquiry 


In  this  application,  the  student  poses  questions  to  solve  a  problem 
(hence  its  name  "inquiry").  The  computer  answers  the  question  or  provides  the 
requested  information.  The  student  interprets  the  information,  then  asks  addi¬ 
tional  questions.  The  student  must  ask  the  right  questions  to  get  the  infor¬ 
mation  to  solve  the  problem.  The  student's  score  is  the  number  of  questions 
asked  before  solving  the  problem.  Different  costs  may  be  associated  with 
different  questions,  analogous  to  the  real-world  costs  of  acquiring  the  infor¬ 
mation.  This  application  emphasizes  decision-making,  as  the  student  must 
pose  effective  questions,  interpret  the  information  presented,  generate 
hypotheses  or  possible  solutions,  and  test  these  solutions. 

Examples  of  this  application  are: 

1.  Twenty-questions  or  varieties  thereof 

2.  Standardized  problem  exercises  to  teach  principles 

3.  Non-procedural i zed  diagnostic  problems. 


Games  possess  an  intrinsic  motivation  or  challenge  that  in  some 
cases  may  become  addictive.  Learning  games  provide  motivation  for  new  learn¬ 
ing  or  practice.  Computerized  learning  games  can  be  played  against  a  personal 
standard  {the  student's  previous  best  score),  a  chance  factor,  the  computer, 
or  another  person  (inter-terminal  game).  Games  are  scored  as  won  or  lost,  or 
the  computer  can  provide  a  score  indicating  how  well  the  student  did.  Compu¬ 
ter  games  can  be  timed,  and  can  be  adaptive  or  non-adaptive  in  difficulty. 
Often,  games  require  some  randomization  to  change  the  starting  conditions  or 
sequence. 

In  this  application  the  HHC  stores  the  rules  or  equations  which  con¬ 
stitute  the  game.  The  computer  may  select  moves  or  change  the  sequence  at 
random.  The  computer  scores  the  outcome  and  retains  the  previous  best  score. 

If  scores  from  other  students  are  loaded,  the  computer  can  further  motivate  the 
student  by  showing  the  best  scores  of  other  students  or  the  student's  percen¬ 
tile  rank.  The  computer  may  adapt  the  level  of  difficulty  to  the  skill  level 
of  the  student. 

Examples  of  this  application  are: 

1.  A  troubleshooting  game  to  teach  diagnostic 
strategies 

2.  A  game  to  teach  recruiters  the  recruiting  process 

3.  A  game  to  teach  principles  of  base  security  and 
defense 

4.  A  game  to  teach  Army  organization  and  logistics. 


7.  Simulations 


Simulations  resemble  learning  games,  but  are  more  realistic. 
Computerized  learning  simulations  involve  mathematical  models  or  physical 
representations  of  real  systems.  Computer  simulations  can  be  run  in  real 
time  or  in  simulated  time  (slow  or  fast).  Simulations  often  provide  realistic 
inputs  and/or  require  realistic  responses  from  the  student.  Like  games, 
simulations  can  be  scored  qualitatively  (successful  or  unsuccessful)  or 
quantitatively.  Learning  simulations  can  be  used  for  initial  skill  acquisi¬ 
tion  or  for  practice. 

Examples  of  this  application  are: 

1.  An  abstract  model  of  a  real  piece  of  equipment 
is  used  to  teach  troubleshooting 

2.  A  realistic  model  of  the  post  is  used  to  practice 
security  procedures 

3.  A  war  game  simulation  is  used  to  teach  the  applica¬ 
tion  of  a  new  weapon  system 


4.  A  model  of  battalion  maintenance  is  used  to  teach 
maintenance  management 

5.  Part-task  training  of  psychomotor  tracking  skills. 


8.  Training  Management 


In  this  application,  the  HHC  is  used  to  generate,  maintain  and  up¬ 
date  student  data.  This  application  would  probably  be  used  in  conjunction 
with  other  instructional  uses.  The  HHC  can  provide  students  with  tests  (pre¬ 
testing,  criterion  testing,  and  diagnostic  self-testing)  and  records  of  their 
achievement  scores.  Student  data  can  also  be  periodically  off-loaded  to 
centralized  files.  Finally,  the  HHC  can  provide  assistance  to  students  or 
instructors  by  alerting  them  to  student  learning  problems,  diagnosing  the 
nature  of  the  problem,  and  suggesting  lessons  or  resources  to  be  used.  Thus, 
the  HHC  can  provide  a  variety  of  computer  managed  instruction  (CMI)  functions. 


APPENDIX  C 
LISTS  OF  REFERENCES 

This  appendix  is  organized  into  three  types  of  resources: 

•  Magazine  Articles 

•  Newsletters  and  Regular  Columns 

•  Manufacturers 
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MAGAZINE  ARTICLES 

"Market  for  Pocket  Computers  Is  Expected  To  Take  Off  Soon"  by  Richard  A. 

Shaffer,  Wall  Street  Journal,  November  6,  1981,  p.  21. 

"Personal  Scientific  Calculators"  by  Jim  McDermott,  EDN,  September  16,  1981, 
p.  71  ff. 

"Programmable  Calculator  Features  Accessory  Parts",  Popular  Science,  February, 
1980,  p.  125. 

"Pocket-Size  Computers",  Popular  Mechanics,  October,  1980,  p.  119. 

"Handheld  Computers"  by  V.  Elaine  Smay,  Popular  Science,  November,  1980,  p.  102. 

"A  Revolution  In  Your  Hand",  The  Futurist,  December,  1980,  p.  59ff. 

"Report  From  Chicago  CES",  Interface  Age,  September,  1981,  p.  6ff. 

"Requiem  For  The  Programmable  Calculator"  by  Paul  Snigier,  Digital 
Design,  September,  1981,  p.  4. 

"The  HP-41C:  A  Literate  Calculator?",  Byte,  January,  1981,  p.  124ff. 

NEWSLETTERS  AND  REGULAR  COLUMNS 

"Compunotes"  from  XCEL,  13763  Polk  Street,  Sylvia,  California  91342, 

(213)  367-4366. 

"Micronotes"  file  on  PLATO  computer  assisted  instruction  systems. 

Pocket  Computer  Newsletter,  P.  0.  Box  232,  Seymour,  Connecticut  06483, 

(203)  888-1946. 

"Power  In  Your  Pocket"  by  Bob  McElwain,  Interface  Age. 

PPC  Calculator  Journal,  2545  Camden  Place,  Santa  Ana,  California  92704, 

(714)  754-6226. 

TRS-80  Microcomputer  News. 

"The  Micro  Mathematician",  Dr.  John  C.  Nash,  Interface  Age. 

HP  Key  Notes. 

TI  PPC  Notes,  Box  710,  Lanham,  Maryland  20706,  (301)  459-5458. 
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MANUFACTURERS 


Mr.  Hal  Ohashi,  Chief  Engineer  of  Systems,  Sharp  Electronics,  10  Sharp  Place, 
Paramus,  New  Jersey  07652,  (201)  265-5600  ext.  4192. 

Mr.  Dick  Brayden,  General  Manager,  Systems  Division 

Mr.  Dick  Grogan,  Manager  for  Planning 

Mr.  Dennis  Reer,  Panasonic  Electronics,  One  Panasonic  Way,  Syracuse,  New  Jersey 
07094,  (201)  348-7792/7818. 

Sinclair  Research  Limited,  6  Kings  Parade,  Cambridge  CB2  15N,  England. 

Hewlett-Packard,  1000  N.E.  Circle  Boulevard,  Corvallis,  Oregon  93770 
(503)  757-2000. 

Ranell  Durgan,  Friends  Amis,  San  Francisco,  California,  (415)  928-2800. 

Mr.  George  Brandt,  Quasar  Electronics,  9401  W.  Grand  Avenue,  Franklin  Park, 
Illinois  60131,  (312)  451-1200. 

Mr.  Rufus  Coomer,  President,  Pinetree  Computer  Systems,  734  Greenview  Drive, 
Grand  Prairie,  Texas  75051,  (214)  641-7500. 

Commodore  International,  Santa  Clara,  California,  (408)  727-1130 

Pennsylvania,  (215)  666-7950. 

Newbury  Laboratories  Ltd.,  68  Regent  Street,  Cambridge  CB21DP,  England 
44  (223)  64862. 

Tandy  Corporation  (Radio  Shack),  1800  One  Tandy  Center,  Ft.  Worth,  Texas 
76102  (Local  stores  were  more  helpful). 

Computerwise  (Transterml)  ,  4006  E.  137th  Terrace,  Grandview,  Missouri  64030, 
(816)  765-3330. 

Casio,  Inc.,  15  Gardner  Road,  Fairfield,  New  Jersey  07006,  (201)  575-7400. 

Mr.  Sal  Morabito,  (914)  928-7267. 

Andrew  Surtees,  Marketing  Director,  Grundy  Business  Systems,  Ltd.,  (Newbury 
New  Brain),  Cambridge  Sciences  Park,  Milton  Road,  Cambridge  DB4  4BH,  England 
44  (223)  350355. 
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1.  Th»  but  In— ■  oomputor  ha*  bocom*  portable  4.  Operation  la  almplmad  by  um  ot  tha  “menu 

The  range  ol  uses  lor  me  business  computer  has  been  system 

greatly  increased  with  the  adoption  cl  an  AC/DC  2  power  Because  the  software  s  designed  basically  in  dialogue 

source  system  Full  use  o<  sll  functions  IS  now  possible  form,  operation  s  easy  enough  tor  virtually  anybody  to 

anytime,  anyplace  perform 

Z  UtDttng  a  modular  system  5.  Power  aavtng  design 

By  comomng  the  various  "modules a  program  which  Numerous  developments,  such  as  the  CPU  auto-power 

meets  me  needs  of  particular  business  activities  can  be  saving  function,  and  the  extensive  use  of  CMOS  con- 

selected  remarkably  increasing  the  range  o<  application  struction  designed  to  make  battery  operation  possible 

Z  Function  and  stfidsney  Improved  by  capau-  *" •*'•"** suecessM 

la  led  aotturar*  *s,fln 

Software  can  be  exchanged  auickiy  and  easily,  resulting  m  ft.  Compact  and  Hghbaalght 

more  flexible  application  ol  each  program,  and  greater  Its  small  sue  and  light  weight  make  it  possible  to  take 

efficiency  in  operation  the  unit  where  it  s  needed 

Pr  imarv  Unit  Mod*  Mo:  bi-mi  000  (Sultt-in  2  X  bytes  RAM) 
rrimary  unit  rl-hiaoo  (iutit-in  a  k  bytes  rami 

Utilization  ol  tha  ROM  capsule  system  enables  uaa  in  a  wide  variety  of  applications ... 
ft  v  159-dot  continuous  display  capability 


Primary  Unit 


Display  Section: 


Character  Dwpteyad 


Capsule  Socket 
Microprocessor 
ROM  Capability 


RAM  Capabtfrty 


Continuous  kamd-crystal  display 
(LCD)  with  an  8  by  159  dot  matn* 
•■eluding  8  Blip  dots  above 
correspond  ng  Attention  indicators 
Hvv*  26  digit  columns  Graphic 
dspiay  capaOHty  (HHC  Capsule 
provides) 

Alphabet  A^Z,  a~z 
Numerous  0~9 
Varous  syrrsjds 

65  nays  reoefmabte  with  overlays 
mterrupt  driven,  with  2-key  ro»Over 
3 

6502  running  at  t  MHz  (8-Oit) 
internal  ROM  16  K  bytes 

3  sockets  tor  ROM  cepsuie  each 
containing  up  10  16  K  bytes 
internet  RAM  2  K  bytes  (RL-H 1000)  or 

4  k  bytes  (RL-H  1400) 

•  44 -pm  edge  connector  with 
address  and  data,  busses  control 
boas,  btes  tmes  bank  select  tines, 
txaprotect  and  power  supply  bnes 


•  Only  one  perpherai  unit  can  be 
connected  dreary  to  the  Primary 
Unit 

•  in  order  to  connect  2  O'  more 
perpnerai  units  to  the  Primary  Unit 
they  must  be  connected  via  an  I/O 
Adaptor 

Rower  Source  BmH-'h  5  ncket-cedmtum  aa 

recherg eade  battery  pack  with 
external  AC  Adaptor/Recherger 
Charging  Time:  Approx  1 2  hours 

Dimensions  8‘/,4’ » i  V14*  *  3'/.' 

(W  -  H  *  D)  (22^  ■  30  5  *  95mm) 

Weight  tfc  5  87o?  (620gi 

HHC  Capsule 

Head-ony  memory  (ROM' 
aosutes  contam  varous  apo>>- 
:aton  soitware  They  can  oe 
easily  msened  mto  the  caosuie 
socket  ot  the  Primary  Unit 
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RS-232C  Serial  Interface  Medal  No:  M.-FI001 

Deed  to  interface  HHC  to  an  external  device 

Transmission  Speed 


►toe  to  set  Trane- 
mission  Speed: 

Output  Level  of 
Line  Driver: 
Input  Level  of 
Line  Receiver: 
Lin*  Driver: 


Input/Output/ 

Connector  for 
Trenemosion: 

Coo  trot/ Application 

Capsule  Slot: 

Power  Source: 

Power  Consumption 
Operating 
Temperature: 

Dimensions. 

(W  *  H  «  D) 
tMMgrit: 

Micro  Printer  Mae*  no:  nL-eiooi 

IS  cheractere/line  thermal  printer  with  alpha  numeric  and  aymboi  printing  capability 

Printing  system:  Thermal  dot  matrix  printing 

Character 

Configuration:  5*7  dots 

Maximum  No.  of 

Digit  Coiumns:  15  characters/hne 

Writing  Speed:  1  5  knesftec 

Character  Type:  Alphabet,  upper  case-tetters  A~Z 

tower  case-letters  a 
Numerals  0~9 
Various  Symbols 

Character  Spacing:  1 3  characters/inch 

Line  Feed  Spacing.  7  imes/mch 

Paper  Feed  System:  Fnctton-iype  (no  reverse  leading) 

Writer  Paper:  Poll  type 

Wrfth  38mm  Length  8m  (No  of 
hnes  printed,  approx  2.200  hne$/roii) 

Ufa  Time  of 

Thermal  Heed:  500.000  imes  (printing  capability  oi 

220  rolls) 

Wmer  Power  Source:  4  8V  w«*ed  from  built-in  oetlery 
"AA '  size  Ni-Cd  battery  *  4  when 
ere  charged  through  the  HHC  Primary 
Unrt 

Printer  Controller 

Power  Source:  Supplied  from  the  HHC  Primary  unit 

Operating 

Temperatura:  32*F~i04*F  <i 0*040*0 

Dimensions:  4'/,*  *  2*  V  *  3*// 

(W«H«D)  (11 3 5“ 61  *  95mm) 

Wfcigtt:  1  t>  (450kg) 


0-4 


50.  75.  HO  150  200.  300  600 
1200.  2400  4800  9600  bps 
eewetaoie  accuracy  0  5%  or  less 

Set  manually  by  dp  switches  m  the 
bottom  oi  the  unit 

*(103V*05V) 

Rated  input  level  wtthm  *20V 
Output  termination  current  witnm 
±l2rnA 

CXitput  impedance  3000  or  more 
(measured  by  applying  ±i2V  at 
output  terminal  when  power  oft) 


2S-0*  (COTT-V24) 

1  slot  (in  the  bottom  o<  the  unit) 

♦5V  (Sipoued  from  the  HHC  Pnmary 
Unit) 

650 mw 

32*F  n*  1 04*F  (0*C,v40*C) 

4V/  X  2’V  *  3V/ 

(113  5  *  6i  *  95mm) 

12  350Z  (350g) 


CEB 


Peripherals  and  Accessories 


Programmable  Memory  (RAM) 


ll  No:  BL-PM01  (4  K  bytea) 
M.+B002  («  K  bytea) 


Memory  Capacity 


Memory  Pro  taction 
Back-up  Binary 

Lite  Tima: 

Power  Source: 

Power  Conaumption: 
Operating  Tampatature. 
Ormanaioni: 

Weight 


by  back-up  battery 

4  K  bytes  (two  2  K  bytes  CMOS 
RAM) — RL-P9001 
8  K  bytes  (tour  2  K  bytes  CMOS 
RAM)—  RI-P9002 

3  aaa  manganese  betienes  as 

beck-up 

About  i  yea' 

+SV  Suppkec  trom  the  HHC  Primary  l/n,’ 

lOmw 

32'F~t04*F  (0*C~40*C> 

47,'  *  1 V  ■  3*/.' 

(1135  «  30  5  «  95mm) 

92oz  (260gt  with  battery 


I/O  Adaptor  Modal  No:  BL-P4001 
Maximum  eon noct ion  capability  of  aix 
paripharal  unit*  (On*  via  I/O  cabia) 


Peripheral: 
Connection  Slots: 


HHC  Primary  unit 
Connection  Slot: 
Power  Source 
Power  Consumption: 
Operating  Temperature: 
Dimensions: 

(W  «  H  *  D) 

VWNgbt: 


5-^t  slot  (total  6  slots) 

(When  me  slot  on  the  top  of  me  I/O 
Adaptor  is  used  the  I/O  Cable  must 
be  used) 

penpherafe  can  be  attached  to  any  sroi 

44-tefmma'  edge  connector 
Supplied  from  the  HHC  primary  Unit 
7  5mw 

32#F~i04»F  (0*C~40*C) 

16  V  *  2‘  *  12  V 
(425  5  *  51  »  3t8mm) 

2  t>  6  802  0  1  kg) 


AC  Adaptor  Modal  no  :  RD-MM 


Attache  Case  Modol  No:  RL-BBOS 


tha  Itna  vlnyt  attach#  caw  with  as  ootnctive  rtmensiona  can 
two  all  01  Via  tolowing  Pnmiry  unit  I®  Adaptor  2  larga  we 
paiWtaraO  (lie  TV  Adaptor  and  Acoustic  Modem).  3  won  sue 
panphaia*  IRS-232C  Saroi  Interface.  Programmable  Memory 
RAM).  Micro  Pmtet.etc ).  AC  Adaptor.  Antenna  Smctot  Box 
TV  Cabtat  owneta  manual  and  ctnars 


D- 
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Panasonic 


OKI  PANASONIC  WAV  •  SCCAUCUS.  NSW  JIMY  4TM4 


FOR  IMMEDIATE  RELEASE 


PANASONIC  HHC  SUGGESTED  RETAIL  PRICES 


CPU 


RL-H1000 

2K  Main  Unit 

$500.00 

RL-H1400 

4K  Main  Unit 

$600.00 

RD-9498 

AC  Adaptor/Recharger 

$  58.00 

PERIPHERALS 

RL-P2001 

Video/RF  Adaptor 

$349.00 

RL-P3001 

RS-232c  Serial  Interface 

S254.00 

RL-P4001 

Programmable  Accoustic  Modem 

$286.00 

RL-P600I 

1/0  Adaptor  for  Multi-Peripherals 

$158.00 

RI-P9001 

4K  RAM  Block 

$221.00 

RL-P9002 

8K  RAM  Block 

$330.00 

ACCESSORIES 

RL-P6006 

I/O  Cable  for  6th  Peripheral 

$  86.00 

RD-9808 

Attache  Case 

$163.00 

APPENDIX  E 

SHARP/RADIO  SHACK  SPECIFICATIONS 
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B  <SP 


SHARP  PC-1211 

Pocket  Computer 


The  pocket  computer  which  has  a  whole 
new  range  of  potential _ 


The  compact w  Giant  ” 

that  handles  a  wide 
range  of  applications 

Handy  pocket  computer  employing 
BASIC  language 

Computers  are  no  longer  for  professional  use  only 
Sharp's  advanced  electronics  technology  presents 
the  new  pocket  computer  PC -1211 
High-performance  functions  are  packed  into  a  slim, 
compact  body  The  PC -1211  is  designed  as  an  "interactive  type" 
computer  to  meet  your  personal  needs  by  employing  the 
easy-to-understand  BASIC  language. 

Make  full  use  of  it  with  your  originality. 


Df  0  RUN  •  I  _ .  J-. ,  ±  r.  J, 

9 0 0 :  C = f  <  h :+: R + E * B  >  s  PR  I N T  C  til 


*UN 


I 


POWfB  m  i  ?  i  1  1  rn  sn 

m  i~xi  i  c  1 1  v  i  m  i  n  i  rrn  rsn  i  wi»  i 


R£SE«v*8i.E  «E>$ 


H 


(The  PC-1211  wen 


Pocket  Computer 


PC-1211 


!  :  comcnicnci*  of  BASK  language 

Prognmmmg  can  be  performed  ns i/v  b\  following  the  t<o*  chart  furthermore  formula  can  be  put  m  as  they  are  written 
for  ptogram  calculation  tun  pot  m  the  \anabie s  In  so  easy ' 


The  Pythagorean  theorem  C  =  v/A2  +  B2 


panel  — the  winnow  h>. 
i,  lion”  Even  complicates! 


A  quadratic  equation  ,  AX2  +  BX  +  C  =  0 


IV  .H 


Adoption  of  BASIC  language 


Fo*  programming  the  PC  1211  employs  the 
BASK  language  used  w«felv  from  begin 
nery  to  professionals  Thrs  simple  program 
mmg  method  tan  easily  be  earned  out  by 
referring  to  the  floss  chart  Moreover 
formula^  <  an  be  entered  as  they  are 
normally  ssritten  These  innoyative  lunc 
tom  are  designed  with  ease  of  operation  m 
mod 

The  PC  1211  also  serves  as  an  ideal  step 
pmg  stone  to  professional  computers 


Dot  matrix  display  —  up  to 
24  digits  with  rolling  writer 

A=  5.  B=  4.  ftNSWEP  C=  5.] 


Characters  as  well  as  numerals  are 
displayed  with  the  dot  matn»  disp'av  enaN 
■ng  the  operator  m  a  sense  to  com 
municate  *<th  .he  unit  The  BASK 
language  ran  be  used  to  its  tuf  potential 
The  display  panel  makes  it  possible  <r 
display  portions  ot  the  program  line  bv 
line  visual  instructions  asking  1o>  0a*a  and 
Showing  tabulation  results 


Program  capacity  1424  steps  • 

26  memories  with  memory  safe  guard 


The  PC  1211  has  a  la*ge  memon  rapan*. 
m  spite  o«  it'  slim  compart  t»odv  Due 
to  the  memory  sate  guard  orcu'*  inform* 
non  m  memory  is  mamtamed  even  atie- 
the  power  turned  on 
Programming  .*  by  an  ef«»*m  one 
command  one  step  system  According  «< 
your  needs  step«  can  also  be  used  as  a 
memory 

(0  steps  is  eouisalent  to  1  memory) 


Reservabie  kev  and  definable 
key  systems 


•  The  resersahle  key  system  makes  it  poss. 
bte  tc>  reserve  a  kev  tot  a  function  o» 
command  which  *  used  treouemiv  »•  can 
eastly  be  «ec abed  bv  the  tou<  h  ot  a  kes 
when  putting  »n  a  formula  either  during 
many*ai  tabulator  or  programmmg 

•  The  definable  key  system  det-nrs  IB 
programs  tor  each  kes  Whenever  vou 
need  a  fen  am  program  you  can  recall 
and  mn  it  with  the  touch  0»  the  prope- 
lies 


Smooth  key  operation  with  typewriter 
key  arrangement 


The  PC  1211  employs  a  key  arrangement 
sm.la'  to  that  ot  a  typewriter  Thus  the 
neat  clean  appearing  keyboard  can  be 
operated  easily  and  Qu<kty 


Programs  *-«d  data  can  be  saved  in  and 
loaded  from  a  tape 


fhe  cassette  tape  recorder  can  be  used  as 
an  external  memory  device 
(Cassette  interlace  Cf  121  n  op  tonal 
Bv  saving  programs  or  data  on  a  cassette 
tape  the  mtormatoo  can  be  loaded 
whenever  necessary  it  »s  a  ho  possible  to 
search  the  saved  program  data  auto 
ma»«c ally  by  tile  name  or  load  it  tor  use 
during  the  program  calculation 


Other  features 


•  long  ldf  operator  Auto  power  off 
function 

•  Playback  function  enables  correction 
by  dtsoievmg  the  formula  with  a  s**le 
touch  of  a  key 

•fffectrve  tone  function  is  deserved  to 
aJemify  the  program  (A  beep  sound 
can  be  input  during  programming  i 
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Applications 


4 

•  S<OIUII<KM<II  Mu*»ont 

■  m*i«i 

•  Ooro'oiiw 

•  McduC  O'  ■**)■«« 

•  Mw'u*'  *«d  Md'I'O*'  Md  tuftt'SCie* 

Miawr  d*C«M'  tOMtiOn  »"0  ««»*•*  ''Oli'-O'1 

•  Wu'w*<  toonrni"  WOW"  '*et*"gui**  coo'd"***** 
•»d  OOM>  Coo'd"**'*! 

•  *00>  0*'*"f"'<r<g  ItKiiKIOKl  ftCCOfO***  Vo  WWW*  % 

•  OuM'iK  Mi4I<Oa 

•  lOmai.O"  ©«  in**  MfM  *'c 

(StSMItCS) 

«  do***"  0<*'"Bul>©n  •*«  0"*0««<*>  d'iI"dw"Of 

•  wo"***;  d<*i>.eui<o"  *ne  p*ic*"'"* 

•  l*i<'"#t<o"  o'  <m#f»«<  ot  poduai-o''  ">m"  *r«a 
60P«1*1.0''  .|K»nc* 

«  T*tt  O'  m««A  4«0  •  #'<*'*£* 

•  T*»i  o'  0‘"*>*"«  ,n  <rv*4n»  r»l,o  O' 

•  •*#ei<on  <#«•  >«ii  o'  co«*i*t<o"  co*'''C*m  mi  o' 
gooO"*5»  o' 

•7-2  eO""nO*«C»  >IM  ?  *  «  eO"l<««#nc»  i<M 

•  ««•»<  ue* 

•  Co«*c>0('  <•*■•«* 


•  Su"*  O'  O'OfJuC'i  co<>#< 

f*gf**»'0"  <«  *  -  t»- 

•  t«oo'**>*ii*  ••O'tSi'O'- 

•  C0"*<!<0"  ••00"*«(<«  I 

•  log>*'>c  {«■•♦ 


f  eo*i'<c<*«t 


'  ’•©•'"•Or'ii  «IC 


•  Opo"  *"0  'MW* 

•  Cl0**0  •"0  '•••0  "»*••*#  lC0"*0*M  'u* 

•  «*»••»#  c»kmi«''0"*  o'  op**  »*a  >imii  'i 

•  Coom>*a<*  c«icuui<o* 


•  Tom®*  CMC  **<•«"» 

•  Po*>t  o*  »na<m  on*  and  wn  mo»»»8  po*»i 

•  Sim*  c*icu*i*o* 

•  *****  cumi  eono*"®"! 

•  C«i*wfl  c««** 


•  Owen*'  ewcuwd" 


•  *  po*"  *<  •  o*m*<*  ixmc*  ««**  i*o  po^i» 
(>mm**<i<***  po**i»  o'  '*o  ewew»> 

•  C«»  B>OC*  »m  KKu4t«« 

•  Ot**>0»  .«■«  Mi  0*  INO'l*(  •  00*11  H> 

•  eo*#or' 

•  INC<'*d  MM  d*'**0ft 

•  w<e*  iMumHiitM* 

•  I0*plu»*»  two*  <«iMK*«>>C  WHOlii  MC 

ICmmwwcimw) 

•  6»8M  «M  !•"*>*  C**»H*iiO"  0»«*^*I  to*  i*t**OfCM 

co*<>«i(  co*»"ue"o" 

•  o'  **e'<o*  o'  »**o*  a 

•OM  '••0*>0<d*' 

•  Co**<i-0*  CO*"*#"'  O'  •**l'<Ov*<0*  inwnng  '0<C» 
a w*  io  'o*o« 

•  C*«CuW"Of*  O'  "*>**  "***M  OO*"  8*0*0  'OO' 


•  *•"  '"OwCI*"**  0"  »  •"•■S'"  I'M 

•  A-»  T'«****l<0" 

•  V  T»«***l'0* 

•  CMM  ICNi  '*0  0*fM*i  •<* 


•  toci'0*  00*0  OM  OM  C0*"04  O'  (  OOTOO* 

•  CO*W"*e  •  C0**''C>*"’  o'  MM*  pxiiu'l 

•  I'M"".  O'  •  ION  "***1*00  O’  »»CM 

•  S*o«j>"g  »"•*»  o'  «'"*c*  9<>o*’ 

•  ****»••.  ice*  o'  •  »**P,o  g"0**  n,*.'o^  ioM' 

•  irt*ma>  loft*  o'  a  »**0*  goOM  <u«<'ormfy  »*fy"*g 


•  Gee**  caKu*'** 

•  &*«a*ca  M'*aa*  i*o  oo<*u  a*o  a*t* 

•  InioiwM  ***  w******* 

•  TO#  80*11  O'  int#ra*cl*on  O'  **0  »lf*>**>i  1 


>  mhom'io*  o'  a  tx*  ano  a  <««•  *  »  i*C 

•  A  lift*  l#*p**l  lo  '*0  cacti 

•  a  wet  langaw  to  aott  a  cue*  and  a  »t  C  ■  l  K. 


m 

•  Day*  b*t*oaf>  daw* 

•  Caicuta'io*  o'  oat i  and  'utwa  dat*t 

•  Cfcwta'ion  o'  <ni*'#i’  rat*  o*  >oa* 

•  Coiciiiatton  ot  tnia'aai  o*  oaoot"** 

•  Calculation  0*  Of****'  »a'u«  oi  compound  mipraf 
annuity 

•  Caicutat'on  Of  tutor*  A  pr***"'  lain*  (By  Compound 
*tlli< 

•  MataiMnani  ca<u»i>o* 

•  CdtCwldtiOn  O'  ddpr*Ci*'>0n  ate 


ApPKdtiona  fttpnuo 

%■ 


Specifications 


Number  ot  calculation 

digits 

Calculation  system 

Program  system 
Program  language 
Capacity 


I  PC  1211 

10  digits  imantissa)  *  2  digits  teiponenti 
j  According  to  matnemat»ca>  formula  twitn 
I  pnonty  ludg-ng  tunct«on> 

I  Stored  System 
;  BASIC 

!  Program  memory  Mas  U24  steps 
1  Data  memory  c — -  *“  — 


f 

1 

Fla* ib*  memory  (common 
with  program  memory |  MAx 
178  pcs 

Reserve  memory 

Max  ae  steps  (reserve 
program  Max  18  *«*♦*) 

input  butter 

80  characters 

Stack 

ForOfU 

8  stacks 

■  For  function. 

15  stack*  t»n  pManneaei  15 
level*) 

For  subroutine. 

1  For  FOR- NEXT 

4  stacks 

1  statement 

4  Stacks 

Calculations 

Four  arithmetic  calculations  power  calculation 
tngooomeinc  and  inner*#  trigonometric 

•unctions  logarithm*  and  wponentia' 
function*  angular  conversion  extraction  of 

square  root  tign  function,  absoiuies  integers 

BASIC  language  specifications 


Operation 

Function 


Editing  function 


Eitemai  memory 
function 


Memory  protection 
Display 


Component 
Poaaer  Supply 


Power  consumption 


Operating  temperature 
Denenawna 


and  togcai  calculations 
Cursor  snifling  4> 
insertion  (INS) 

Deletion  (DEL) 

Ime  up  and  downt*  ;> 

By  using  the  optionally  available  cassette 

interface  (CE-12D.  program  reserve  program 

and  data  memory  can  be  saved  or  loaded  to  or 

from  cassette  tape  recorder 

CMOS  battery  bach  up 

2«-digrt  alphanumeric  dot  main*  i«imd  crystal 

display 

CMOS  LSI  etc 

Mercury  benery  (MAM)  *  4 

Appro*  300  nourt 

5.4V— (DC)  0.01  tW 

54V— (DO  0013*  twith  CE 121) 

0*C  ~  40*C  02*F  «*.  104»F) 

175(W)  ■  70(D)  *  lS|M)mm 
5-7t8  (W)  -  2  314  (D)  -  1»f32'(H) 

Appro*  I70g  (037  bS  ) 

Hard  cast,  battery  *  4  (burt-ml  appscano n* 
manual,  beginner's  textbook  tor  "BASIC', 
template  -2 


RUN  NEW  MEM  DEBUG  LIST  CONT  CLEAR 
INPUT  PRINT  PAUSE  USING  LET  STOP  REM 
BEEP  FOR  TO  STEP  NEXT  GOTO  GOSUB 
RETURN  IF  THEN  END  AAEAD 

•  U  )  ><  <  >*  .<*  <>  * 

S*N  COS  TAN  ASN  ACS  ATN  EXP  LN  LOG  INT 


Cassette  control 
Other 


ABS  v'  DEG  CMS  SON  DEGREE  RADIAN 
GRAD*  a 

A'iAl  lAS-va.  AS  I  ) 

CSAVE  CLOAO  CLOAD’  PRINT#  INPUT# 
CHAIN 


•  Dm*»  *nd  ••ecneeiiM*  *u>p*ti  io  c*e*t*  **i*dui  <*••■«« 


SHARP  ELECTRONICS  CORPORATION 

10  Keystone  Piece  Peremus  New  Jersey  07M2 


Owtneutee  ay 


C  SHARP  CORP  ISt  JAN  PROOtMSOfPmMei  Japan 


APPENDIX  F 

HP-41 C  SPECIFICATIONS 


COMPUTERS,  PERIPHERALS  &  CALCULATORS 

Personal  Computation 

Medal*  HP-4 1C.  MP-41CV,  Memory  Module*  S >xl 


HP-41C  or  HP-41CV  Alptianumortc  FuH 
Porformanco  Programmable  with  Continuous 
Momory 

The  HP-41  is  the  most  powerful  handheld,  programmable  calculi' 
tor  ever  made  by  HP  You  now  have  two  calculators  to  choose  from: 
the  HP-4IC  with  441  bytes  of  program  memory  built  in  (expandable 
to  2.233  bytes)  or  the  HP-4ICV  with  2.233  bytes  built  in. 

The  HP-41  communicates  with  words  as  well  as  numbers.  You  can 
key  in  any  combination  of  letters  and  numbers  up  to  24  characters 
wide  and  display  1 2  characters  at  a  time.  A  complete  system  of  status 
annunciators  also  helps  to  keep  you  firmly  in  control  Error  messages 
are  displayed  in  plain,  understandable  English.  For  aural  feedback, 
you  can  use  the  HP-41  ’‘beeper.’'  Ten  different  tones  will  let  you  sig¬ 
nal  the  end  of  a  program  or  data  entry  point.  Continuous  Memory 
saves  your  programs  and  data  even  when  the  calculator  is  turned  off 
Over  l30scparateoperaiionscompriscthctoUlHP-4l  function  cata¬ 
log  You  can  assign  a  function  or  program  to  almost  any  key  The 
H  P-4 1  comes  with  keyboard  overlays  and  a  set  of  user  labels  to  help 
facilitate  customization  of  your  HP-41.  With  a  few  keystrokes,  you 
can  actually  create  a  “personalized"  custom  calculator  for  special 
applications 

You  can  store  more  and  longer  programs  in  the  HP-41  than  you 
ever  thought  possible.  Each  program  is  autonomous.  Call  it  up  by 
name,  edit  it.  even  clear  it  without  affecting  other  programs.  And 
each  program  can  have  up  to  99  local  plus  IS  local  alpha  labels  for 
addresses  or  subroutines.  However,  these  independent  programs  can 
also  be  interactive.  Using  global  labels,  you  can  summon  one  program 
or  branch  to  a  subroutine  (up  to  6  levels)  from  another  program 

Both  the  HP-4IC  and  HP-4ICV  come  complete  with  Owner’s 
Handbook  and  Programming  Guide,  quick  reference  guide,  applica¬ 
tion  book.  4  N-ccll  batteries.  2  keyboard  overlays.  <  module  or  over¬ 
lay  holder.  I  set  of  function  labels,  and  a  soft  carrying  case. 

HP-4 1C  and  HP-41CV  Specification* 

Mathematical  Function*:  SIN.  COS.  TAN.  and  inverses.  DEG. 
RAD.  GRAD.  RSP.  DEGERAD.  HEH.MS.  octal/decimal  con¬ 
versions.  sign,  mqdsilo,  INT.  FR AC.  ABS,  round,  log.  10s.  e*  In  (I  + 
a).  es  -  I.  y\  V*.  I/s.  X.  ♦,  LN.  H.MS± .  CHS 

Statistical  Pune  Mona:  %,  3%.  x.  s.  summations  (n.  Zx.  Zx2,  Zy.  Zy2. 
Zay).  summation  corrections,  select  sammation  registers,  factorials. 
Black  Function#:  ENTERf.  R).  RJ.  xEy.  REREGISTER. 
LASTX 

Alpha  Symbols:  upper-case  alpha  A  through  Z.  lower-case  alpha  a 
through  c.  Z.  .  <.  >.  f.  <.  S.  ♦.  /.  •* «  ?.  space 

Uaor-OoflnWoA:  alpha  mode  on  and  off,  alpha  store  and  recall,  alpha 
shift  left,  alpha  view,  append  alpha 

Programming  Paaturou:  100  numeric  labels,  unlimited  global  alpha 
labels,  user-definable  keys,  indirect  addressing  of  labels,  data  storage 
and  rocall.  storage  register  arithmetic,  alpha  storage  and  rocall,  view¬ 
ing  register  contents,  display  formats,  looping,  audible  tone  pitch, 
definition  of  accumulation  registers,  flag  setting  and  clearing,  catalog 


list.  6  levels  of  subroutines,  controlled  looping.  30  user  flags.  2b  sys¬ 
tem  flags.  4  flag  test  functions  in  addition  to  set  flag  and  clear  flag.  1 0 
conditional  tests.  2  of  which  may  be  used  with  alpha  strings  (x*y. 

**y). 

Editing:  singlcstep  execution,  single-  and  backstep  inspection  of  a 
program,  delete  program  memory  lines,  position  the  cakulstor  at  any 
line  in  program  memory,  pause  to  review  intermediate  results,  correc¬ 
tion  key  to  delete  keystroke  while  entering  dais  or  alpha  character, 
change  size  of  data  storage  register  allocation,  catalog  positioning 
Oonnrnl:  label  program,  alpha  prompt,  aural  prompt,  pack  program 
memory,  stop.  end.  programmable  OFF.  go  to  end  of  program  mem¬ 
ory  and  prepare  calculator  for  new  program,  advance  paper,  prompt, 
catalog  list,  copy  program  from  ROM  to  user  memory 
Ctooring  Option*:  DISPLAY.  X  REGISTER  DATA.  REGIS 
TERS.  ALPHA.  PROGRAM.  FLAG.  STACK.  STATISTICS 
REGISTERS 

Dfoploy:  fixed  decimal,  scientific,  and  engineering  notation. 
Momory:  last-x  register.  4-rcgistcr  suck,  alpha  register,  data  storage 
registers 

HP-4 1C:  43  registers  and  0  program  bytes  or  0  registers  and  441 
bytes  (expendable  to  2,233  bytes). 

HP-41CV:  319  registers  and  0  program  bytes,  or  0  registers  and  2.233 
bytes 

Power  HoQukomonta:  4  size  N  batteries,  not  rechargeable.  Option¬ 
al  nickel  cadmium  battery  pack. 

SIM:  33  X  79  X  144  mm  (1.3  X  3  1  X  3.7  in) 

Alone,  the  HP-41  is  a  powerful,  programmable,  problem-solving 
calculator  But.  by  adding  optional  plug-in  peripherals  and  modules, 
you  can  expand  the  capabilities  of  the  HP-41  to  keep  pace  with  your 
growing  computational  needs.  Four  inpui/output  (I/O)  ports  at  the 
top  of  the  HP-41  accept  peripherals,  plug-in  application  modules,  or 
Memory  Modules.  Each  quick-connect  peripheral  and  module  is  self- 
contained.  with  its  own  set  of  functions  that  is  added  to  the  calcula¬ 
tor's  existing  function  catalog.  And  each  peripheral  and  module  is 
fully  portable. 

HP  82 106 A  Memory  Modulo 
These  Memory  Modules  can  quintuple  the  HP-4lC's  memory 
Each  module  contains  an  additional  64  registers  that  can  be  allocated 
as  program  memory  or  storage  registers,  or  any  combination.  You 
can  add  four  Memory  Modulo  to  your  HP-4 1 C  for  a  total  of  319 
storage  registers  or  2.233  bytes.  The  Memory  Modules,  like  the  HP- 
410  have  Continuous  Memory.  However,  memory  loas  will  occur 
when  the  module  is  removed  from  the  calculator.  (Use  only  with  the 
HP-4IC) 

HP  82170A  Quad  Wnmory  Module 
The  equivalent  of  four  Memory  Module*,  the  Quod  Memory  Mod¬ 
ule  contains  256  data  storage  registers  or  1,792  program  bytes  and 
expands  the  HP-4lC's  memory  to  full  HP-4ICV  capacity  using  only 
one  port.  The  Quad  Memory  Module,  like  the  HP-4IC.  has  Continu¬ 
ous  Memory  However,  memory  loas  will  occur  when  the  module  is 
removed  from  the  calculator  (Use  only  with  the  HP-41  C.) 
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HP  82104A  Card  Roador 

Reads  and  writes  programs  aad  data  onto  magnetic  cards  with  32 
registers  per  card.  Adds  over  30  card  reader  control  functions  to  your 
calculator,  including  prompts  and  program  security.  Also  reads  HP- 
(7/97  program  cards. 

HP  82143A  Thermal  Printer /Plotter 
Portable,  quiet,  thermal  operation,  and  battery  operable,  the  HP 
MI43A  prints  upper-  aad  lower-case  alpha  characters,  including  spe¬ 
cial  characters  you  can  create  The  Prittler/Plotter  also  does  high- 
resolution  plotting  routinas. 

HP  821S3A  Optical  Wand 

Inputs  data  by  reading  programs  in  the  farm  of  barcode.  Moat  HP- 
41  software  it  available  in  bar  code,  including  Uteri'  Library  pro- 
grama  and  solutions  books. 

HP-41  Application  Paca 

Whether  you're  an  engineer  or  technician.  Undent  or  setealist.  busi- 
neat  person  or  other  professional,  you'll  find  an  application  pac  or 
solutions  book  to  solve  many  of  the  mast  oommon  and  difficult  prob¬ 
lems  in  your  area. 

Every  application  pac  comas  with  a  comprehensive  manual,  and. 
whan  applicable,  a  keyboard  overlay.  Choate  from: 
a  Aviation  a  Petroleum  Fluids 

a  Clinical  Lab  A  Nuclear  a  Securities 

Medicine  a  Statistics 

•  Circuit  Analysis  a  Strait  Analysis — Mechanical 

a  Financial  Decisions  Engineers 

a  Mathematics  a  Structural  Analysis— Civil 

a  Gamas  Engineers 

a  Hume  Management  a  Surveying 

a  Reel  Estate  a  Machine  Dmign 

a  Thermal  A  Transport  Sties  re  •  Navigation 

HP-41  Solutions  books 

•  business  Statistics/  a  Landing.  Saving,  A  Lansing 

Marketing /Salas  a  Real  Estate 

•  Home  Construction  a  Small  Bussaam 

Estimating 


Engineering: 

•  Antennas 

•  Chemical  Engineering 

•  Civil  Engineering 

•  Control  Systems 

•  Electrical  Engineering 


•  Fluid  Dynamics  A  Hydraulics 

•  Heating.  Ventilating.  A  Air 
Conditioning 

•  Mechanical  Engineering 

•  Solar  Engineering 


Computation: 

•  Geometry  a  Test  Statistics 

•  High-Level  Math 


•  Optometry  II  (Contact  Lenses) 

•  Physics 

•  Surveying 

•  Taies 


Other 

•  Calendars 

•  Cardiac/Pulmonary 

•  Chemistry 

•  Games 

•  Optometry  I  (General) 


Ordorlng  Information 

HP-4IC 

HP-4ICV 

HP  I2I((A  Memory  Module 
HP  I2I?*A  Quad  Memory  Module 
HP  MIMA  Card  Reader 
HP  I2I43A  Thermal  Printcr/Plottcr 
HP  MIS3A  Optical  Wand 
HP-41  Application  Pace 
HP4I  Solutions  Books 


Price  . 

125000  I 

1325 
$30 
$95 
$215 
$115 
$125 
$30  00  to  $75 

$12  50 


Calculator  Accoaeorloa 

A  Hewlett-Packard  calculator  purchase  n  a  smart  decision  Power, 
convenience,  and  quality  from  e  company  you  can  depend  on  But  HP 
calculators  also  hove  o  versatility  unaqualed  in  the  industry  Thcrc'ta 
oompiete  strum  ary  line  engineered  to  provide  the  support  you  used 
No  matter  what  type  of  Hewlett-Packard  cekulatoi  you  chseer 
you’ll  find  it  supported  by  a  full  line  of  replacement  ateamotiaa  and 
supplies  to  keep  it  operational. 


8888888 


COMPUTERS,  PERIPHERALS  &  CALCULATORS 

Personal  Computation 

liMra'  Library,  Cualom  Sarvieaa  Program 


HP  Utar*'  Library 

The  Users'  Library  it  dedicated  to  making  prog  rams  contributed  by 
HP-67,  HP-97  and  HP-41  users  available  to  others  You'll  discover  a 
wide  variety  of  programs  written  for  specific  applications  areas.  The 
solutions  you  need  may  already  exist!  As  a  subscriber  to  the  Library, 
you  will  receive  the  Catalog  of  Contributed  Programs  and  the  Con¬ 
tributor's  Guide,  periodic  supplements,  and  coupons  for  four  pro¬ 
grams  of  your  choice  complete  with  pre-recorded  magnetic  cards. 
You  will  also  receive  the  HP  Key  Notes  newsletter,  which  keeps  you 
abreast  of  programming  techniques.  Library  activities,  and  notes  of 
interest. 


Ordering  Information  Prica 

Pint  Year  Subscription  *20  00 

Annual  Renewal  1 10  00 

HP-67,  HP-97  Programs  (Includes  program  descrip¬ 
tions/  listings,  and  magnelic  cards.)  16  00 

HP-4IC.  HP-41  CV  Programs  (Includes  program  dc- 
•criptions/listings,  magnetic  cards,  and  bar  code.)  S*  00 


Cuatom  Services 

HP  Custom  Services  satisfies  the  growing  need  for  specialization  in 
portable  computing  products.  Through  customization,  the  powerful 
HP-4IC  and  HP-41CV  calculators  can  be  tailored  to  do  your  dedi¬ 
cated  complex  or  repetitious  calculations  when  and  where  you  need 
them. 

Using  customer  or  third  party  written  programs,  the  HP-41  or  an 
HP-41  with  blank  keys  (Option  001 ).  can  be  customized  using  one  of 
three  options:  custom  ROM's,  custom  magnetic  cards  or  custom  bar 
code.  Each  option  is  designed  to  suit  particular  information  and  prob¬ 
lem-solving  requirements  When  selecting  one  of  them  alternatives, 
consideration  is  given  to:  frequency  of  code  alterations,  desired  pro¬ 
gram  capacity,  updating  of  variables  in  your  data,  required  level  of 
privacy  and  initial  investment.  For  assistance,  consult  your  local  HP 
Field  Engineer. 


HP  S2SOOA  or  ■  Custom  Modulus  (ROM  s) 

4K  or  IK  bytes  of  memory  with  each  module.  Nearly  21,000  pro¬ 
gram  lines  with  up  to  four  IK  modules. 

HP  92602 A  Cuatom  Magnetic  Cards 

Used  with  the  HP-4IC.  HP-4ICV,  HP-67,  and  HP-97.  Each  card 
can  be  customized  to  load  175  to  200  instructions. 

Cuatom  tier  Cede 

Inexpensive  way  to  load  custom  programs  or  data.  Available  from 
an  independent  vendor. 

The  HP-41  saves  time,  lowers  cost,  and  ensures  accuracy  for  both 
the  technical  and  non-technical  user.  The  standard  HP-41  allows  you 
to  main  access  to  the  full  programmable  capabilities  and  scientific 
functions  of  the  calculator  even  after  it  has  been  customized. 

A  custom  HP-4 1C  or  HP-4ICV  Option  001  with  a  blank  keyboard, 
is  made  as  friendly  as  possible.  This  special  calculator  limits  use  to 
those  keys  you  have  designated,  minimizing  potential  user  error.  Cus¬ 
tom  overlays,  (HP  12501  A),  label  keys  for  either  calculator  and  pro¬ 
vide  the  final,  professional  touch. 

Already  many  companies  have  improved  their  productivity  with 
customized  HP-41's.  Proven  applications,  from  banking  to  fuel  sav¬ 
ings.  from  media  buying  to  heavy  equipment  sales  and  service,  from 
circuit  design  to  diamond  Mies,  give  the  same  result,  increased  perfor¬ 
mance  and  improved  productivity. 


Ordering  Information 


«■*«* 

CUm 

m 

« 

Cmmm  Mat  CirO 

CMMuIvMi 

m»rn 

<*o«D 

100 

HA 

HA 

MO 'Ml 

13  11.  Ml 

BO 

1102 

l  63 

H6  »> 

1302  m- 

MO 

i  a 

1  30 

$28 1  mi 

12  K  M> 

1000 

1  42 

»  V 

HO  Ml 

12  18,  mi 

HOC 

1  26 

1  11 

III ‘Ml 

12 12  mi 

jgjjj  the  w6Blds  lea5im6  manufacturer  of  quality  calculators 


The  Talk  of  the  Business  Community 


400  FOR  K=1  TO  1000 


Cask*  new  hand-held  programmable 
calculator  solves  problems  with 
alpha-numeric  darity.  uses  BASIC  language 
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*  Display  capacity  for  20  alpha-numeric  characters. 

*  High  utility  variation  of  program  »tep»  and  data  memories  (with  power  backup). 


•  55  widely  applicable  functions  —  incorporating  programming. 

•  In-depth  statistical  management  information,  including  standard  deviation,  regression  analysis  and  correlation 
coefficient,  which  can  be  dealt  with  by  a  single  command. 

•  Rapid  computation  speed  by  high  grade  C-MOS-LSI. 

•  Straightforward  program  debugging  by  an  easy-use  tracing  system.  Also,  extremely  smooth  program  editing. 

Optional  equipment  (on  sate  in  the  near  future): 

FA-2  -  adaptor  for  programs  and  data  storoge  in  cassette  tape. 

FP-10  —  mini-printer  for  print-out  of  programs  and  data. 


CASIO  FX-702P 

QUALITY  DEPENDABILITY  DURABILITY 

CASIO-  IFF 


G-l 


TAKE  ADVANTAGE  Of  CAStOS  EXTENSIVE  CAPABILITIES  AND  UNKXIE  TECHNOLOGY 

CASIO  FX-702P 


Speed  Completion  of  Programming  I 


Enter  a  Trial  Program.  It's  Easy / 


Eg.)  FOR  NEXT  looping 

(counting  from  1  to  1000) 


10  WAIT  0 
300  PRT  "START" 

400  FOR  K=  1  TO  1000 
500  NEXT  K 
700  PRT  "END" 

800  END 


c— a > 

S  ODE)  S  0  d)  0  laid)  (D  B®'  ®  05 

10  WAIT  0  or 
300  PRT  0  START  0  or 
400  FOR  KOI  TO  1000  03 
500  NEXT  K  13 
700  PRT  0  END  0  GT 
800  END  Or 


@e§ii 

START 

l Approx  20 

seconds) 

END 

Eg.)  Remainder  calculation 


Integer  part  of  quotient  =  INT  (A  B) 

Remainder  =  A  -  INT  (A  B)  x  B 

10  INP  "  A=  ".  A,  "  B  =  ",  B 
20  C=INT(A  B) 

30  D=A-B*C 

40  PRT  A B  C  ;  "  .  ";D 

50  GOTO  10 


®01!I(S.EB0OrSEEi!i(EOr 

10  INP  0  A  B3E  A  30  B  B30  B  0 

20  C  B  INT  ED  A  0  B  EOT 
30  DBADBECOT 

40  PRTA000QCD  B  00B3 

CD  C  0033303  D  E 

50  GOTO  10  or 


Eg.)  100  -  7.  1234  -  99 


os  ®  es  ©  or 

ioo  or 
7or 
(esT 

123403 
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SPECIFICATIONS 


Type:  F  X  70?P 

IKK  Calculation  Functions: 

Four  fundamental  arithmetic  operations  including  negative  numbers 
exponent  numbers  and  parenthesis  calculations  (win.  automatic  recogni 
tion  of  calculation  priority  -  true  algebraic  logic) 

Built-in  Functions: 

Trigonometry  and  inverse  trigonometric  functions  (with  angle  in  deqrees 
rad  tans  or  gradients)  hyperbolic  and  inverse  hyperbolic  functions 
logarithmic  and  exponent. a'  functions  square  roois  powers  factorials 
conversions  into  integer  removal  of  integer  pan  decimal  places  specifica 
iiOf’  signified'  •  d.g  ts  spec  ’.ration  sexagesima  *-  dec .ma  conversions 
rectangular  —  polar  co  ordinates  conversions  absolute  values  rounding 
random  numbers  and  Pi 
Ctatvticat  Function*. 

Standard  deviations  Number  of  data  .terns  sum  soua'e  Sum  mean  and 
standard  deviations  (two  kinds) 

Linear  regression  Number  of  data  items  sum  of  x  sum  of  V  square 
Sum  of  X  sduare  sum  of  y  data  product  sum  mean  o<  x  mean  of }’ 
standard  deviations  of  X  standard  delations  o’  y  constant  term  re 
gression  coefficient  correlation  coefficient  and  estimate  values  (T  ?) 

Character  Function*:  LEN  MID 

Calculating  Range:  From  *i  x  10-**  to  t9  999999999  *  10**  and  0 
Calculations  are  performed  internally  with  12  caicu.a 
bon  digits  (mantissa)  in  the  calculator 


Program  System:  Stored  svsiem 
Program  Language  BASIC 

Programming  Capacity:  1680  s:eps'?6  mem».*  ns  th*  80  steps  2?* 

memories  Iva'iabiei  With  pcwe>  Ld  »  u 

Subroutine:  Nested  up  to  10  levels 

FOR  •  NEXT  Looping  Nested  ur  ic*  9  eve  *, 

Number  of  Program*  storable  jp  to  10  (PC  to  P9i 
Checking  Function:  Debuq  bs  trac  r.q 

Editing  Function*:  Correction  deie»>on  and  add'bon  (bv  mps  .n5  r  jrsc’ 1 
Diaptay  Liquid  crystal  d<spiay  120  characters  It  chara-ir-  6  a  7  a  1 
main*  i| 

Main  Componont:  C  MOS  LSI 
Power  Conaumption  0  0’/, 

Power  Sou  re*:  7  w  '  Mh,.,nr  ba*ie'*es  ftyi**  CR2032  13  ■  an  ,r>- 
200  hOu'S  C  ont.nUI|,,s  Ot*era*-  .>ri 

Ambient  Temperature  range  (V  C  -  40*  C  •  irc‘  -  iCW'f 
Dimamion*  i  7h  ■  166W  ■  B2mr*-[/  ,vp  h  .  t  '  ?  .  »  * 

Weight  180q  (6  3  o/J  mt  lud-nQ  bane*  •-<. 

*  Devgn  and  specifications  are  iu  bract  to  efteng*  without  notice 


CASIO 

FX  702P.  05  1981 


G-2 


APPENDIX  H 

NEWBURY  NEW  BRAIN  MDB  SPECIFICATIONS 


A/ewJilmn 


NewBrain  is  ■  profaeetonal 


—chin*. 

The  keyboard  has  been  carefully 
designed  for  use  by  all  categories  of 
typists,  h  is  laid  out  as  a  standard 
electric  typewriter  and  the  keys 
used  have  optimal  profile  and  feel 
Clear  lettering  aids  easy  location 
while  the  colouring  is  neutral  to 
avoid  eyestrain  or  distraction  The 
keyboard  software  Includes  a 
special  rollover  algorithm  which 
accepts  the  high  burst  rate  of  keying 
of  the  professional  touch  typist  and 
at  the  same  time  allows  for  the 
inexperienced  beginner,  avoiding 


such  problems  as  double  keying 
The  NewBrain  keyboard  generates 
256  different  characters.  These 
include  the  96  upper  and  lower 
case  ASCII/ISO  printing  characters 
and  the  32  control  codes  The 
graphics  key  can  be  used  to 
produce  the  64  viewdata  graphics 
symbols  for  TV  or  video  monitor 
display  Suitable  software  enables 
the  keys  to  be  user -defined 

As  well  as  providing  all  the  standard 
keyboard  functions  of  a  typewriter. 
NewBrain  provides  cursor  control 
for  screen  and  line  formatting  and 


editing  The  cursor  control  keys 
enable  any  part  of  a  line  to  be 
brought  into  view  on  the  built-in 
display  and  for  characters  to  be 
inserted  or  deleted  On  the  TV  or 
video  monitor  screen  the  cursor  can 
be  moved  to  any  position  for  full 
editing  and  more  sophisticated 
word-processing  applications 

NewBrain's  built-in  vacuum 
fluorescent  display  has  large  and 
easily  read  letters  The  fourteen 
segment  pattern  represents  letters, 
numbers  and  punctuation  symbols 
in  a  natural  and  pleasing  form  The 


■ml  hay 


enables  al  32  ASCU/1SO 
coned  codas  to  be  generated 


aye  hay - 

operates  as  tesndard  typewriter 
ehdt.  alowtng  the  generation  ot  aB 

96  upper  and  lower  case  ASCMSO 

printing  characters 
graphics  hay 


enables  the  64  vtewdan  paphics 

symbols  to  be  produced,  or  other 

paphtes  symbols,  accatdktg  to 
mode  dues 


A/eur/9taln. 


-3 


display  is  tilted  forward;  it  has  a  NewBrain  comes  in  various  applications  NewBrain  expansion 

wide  viewing  angle  and  the  blue-  versions  to  suit  different  boxes  are  compatible  with  all 

green  colour  minimises  eye  fatigue  applications  The  fully  specified  standard  models;  they  are 

The  64  upper  case  ASC1L1SO  model  contains  rechargeable  connected  by  cables  and  can  be 

printing  characters  can  be  displayed  batteries  and  has  the  vacuum  dipped  on  under  the  main  module 

and,  in  addition,  the  lower  case  fluorescent  read-out  Other  models  or  built  up  into  separate  stacks 


Versatility  is  NewBrain's 
hallmark.  It  fits  on  the  desk  as 
easily  as  the  telephone.  Small 
enough  to  be  held  in  the  hand,  it 
slips  into  the  briefcase  as  easily  as  a 
book. 

For  outdoor  use  there  Is  no 
comparable  product.  From  on-the- 
spot  handicapping  and  sporting 
statistics  to  navigation  at  sea  or  in 
the  air,  from  data  collection  around 
site,  factoiy  or  warehouse  to  on- 
the-spot  sales  and  financial 
calculations  while  travelling  or 
visiting  clients  NewBrain  has  nc 
equal. 


On  the  desk  top  NewBrain  offers 
the  lowest  cost  solution  to  all 
computing  requirements;  it  can  be 
used  as  an  enquiry  or  a  data  entry 
terminal,  as  part  of  a  network,  as  an 
aide-memoire,  a  calculator,  a  word 
processor,  a  financial  planner  and 
many  other  things,  and,  of  course, 
as  a  stand  alone  computer.  Yet 
battery  back-up  is  still  available 
allowing  the  NewBrain  to  continue 
working  while  being  taken  from 
office  to  office  or  office  to  home, 
and  ensuring  immunity  to  faults  in 
the  mains  supply 


In  the  laboratory.  NewBrain 
provide)  straight  forward  and  wide 
rantfng  Interfacing,  and  its 
compactness  makes  it  ideal  for  the 
crowded  bench 

A  version  of  NewBrain  can  be 
obtained  without  self  contained 
display  for  use  where  TV  sets  or 
monitors  are  already  available  as  in 
schools  and  colleges  In  this  way 
NewBrain  provides  the  most 

powerful  and  lowest  cost 
computing  realisable, 
in  the  home  the 
same  model 
connected  to  the 
television  is  the 
basis  for  a  thousand 
activities  from  learning 
about  computing  to  playing 
TV  games 

NewBrain  provides  compact 
powerful  computing  for  the  fbst 
time  at  an  ultra  low  cost  for  the 
benefit  of  sportsmen,  scientists, 
students,  doctors,  fanners, 
teachers,  lawyers,  technicians  and 
shopkeepers. 


« 


The  NewBrain  video  and  UHF 
outputs  will  drive  any  standard 
television  set  or  video  monitor 
providing  a  display  of  24  lines  of 
40  or  80  characters  across  the  line 
The  display  character  set  includes 
all  %  ASCIL1SO  pnnting 
characters,  the  64  video  text  mosaic 
graphic  characters,  the  Greek 
alphabet.  Western  European 
accented  characters.  Nordic 
characters,  line  drawing  graphics, 
games  graphics  and  other  symbols 
The  display  may  be  mixed  with  a 
high  resolution  display  of  up  to  240 
dots  vertically  by  256  or  512 
horizontally 

NewBrain  has  a  dual  audio  cassette 
interface  suitable  for  use  with  most 
tape  recorders  for  program  and 
data  storage  It  is  highly  tolerant  of 
wow  .  flutter  and  phase  distortion 
One  or  two  tape  recorders  may  be 
used  The  data  is  transferred  at  a 
rate  of  1200  baud 

All  NewBrain  models  have  a  V24 
senal  pnnter  output  and  a  bi¬ 
directional  V24  interface  for 
modems  VDU  s  and  other 
equipment  The  baud  rate  is 
software  selectable  Certain  models 
have  additional  V24  interfaces  and 


extra  interfaces  for  all  models  are 
available  in  expansion  boxes 

Some  NewBrain  models  have  8  bit 
parallel  inputs  and  outputs  and 
analogue  inputs  and  outputs  for 
interfacing  to  other  equipment  for 
laboratory  use.  control  applications 
and  other  purposes  Extra  ports  can 
be  provided  in  expansion  boxes 

All  standard  NewBrain  models  have 
a  bus  expansion  port  and  a  DMA 
port  for  connection  to  the 
expansion  boxes  and  other 
NewBrain  enhancements 
Additional  memory  and  interfaces 
are  ii  npU.  ented  in  all  models  in 
universal  expansion  boxes. 

NewBrain  software  includes  a 
screen  editor,  a  BASIC  compiler,  a 
high  speed  floating  point 
mathematical  package  and  a 
powerful  operating  system 
Software  modules  in  development 
Include  Z80  Assembler.  COBOL. 
Pascal,  statistical  and  financial 
packages  and  text  processing 
systems 

The  screen  editor  provides  for  the 
editing  of  pages  of  up  to  256  lines 
of  text,  each  line  of  any  length 


There  are  many  advanced  ieatures 
including  the  insertion  and  deletion 
of  characters  and  lines  at  any 
position,  up  to  256  pages  can  be 
maintained  at  a  time 

NewBrain's  BASIC  compiler  is  an 
enhancement  of  the  ANSI  standard 
language  including  formatting  of 
numerical  output,  advanced 
Input/output  features  and  string  and 
logical  functions  The  high  speed 
floating  point  mathematical 
package  is  accurate  to  10  significant 
figures  and  all  trigonometncal 
functions  and  inverse 
trigonometrical  functions  are 
Included  The  operating  system 
allows  the  BASIC  or  any  other 
program  in  control  of  the  NewBrain 
to  dhve  all  the  vanous  NewBrain 
input  output  devices  in  a  simple 
and  uniform  way 

NewBrain  software  expansion 
modules  plug  into  NewBrain  or 
NewBrain  expansion  boxes  and 
genuinely  extend  rather  then 
replace  the  software  already 
present,  once  plugged  in  they  need 
never  be  removed  and  up  to  four 
megabytes  of  software  can  be 
added  in  this  way 


Sale*  and  Administration  Marketing  end  RAD 

Somerset  Road  Teddington  Science  Park.  Milton  Road. 
Middlesex  TW1  8TD  Cambridge  CB4  4BH 

Tel  01  977  1171  Tel  0223  350355 
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APPENDIX  I 

'  HHC- RELATED  DEVICES 
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Sinclair  Raaaarch  Limited 

6  King  s  Pa'aae  Carnipfage  CB2  l  S\  F^g'a^a 


US  Office  5CStan:(o'a  Suet'  Bosiof. 
Massachusetts  MA02”4  uSa 
Telephone  i6'7i  742  4826 


sindaii- 


Photo  shows  a  model  of  the  Sinclair  Microvision  flat  screen 
pocket  TV  which  will  be  available  during  1982.  Designed  to 
retail  at  around  £50  the  Microvision  incorporates  an 
F?1  radio  and  will  be  able  to  receive  transmissions  almost 
anywhere  in  the  world. 

Production  of  the  Microvision  is  to  be  sub-contracted  by 
Sinclair  Research  to  the  Timex  Corporation  in  Dundee, 
Scotland,  as  part  of  a  £5  million  capital  investment 
programme  announced  on  18th  February  1981. 

! 


Diagram  shows  sectional  views  of  the  Sinclair  Research 
flat  screen  TV  tube  which  measures  approx.  4  x  2  x  3/4 
Initially  it  will  be  used  in  a  multi-standard  Sinclair 
Microvision  pocket  TV  which  will  be  available  in  1982 
and  retail  at  around  £50. 

The  tube  is  the  result  of  a  5  year,  £1  million  plus, 
part  NRDC-backed  research  and  development  programme. 
The  cathode  ray  tube's  electron  gun  is  placed  to  the 
side  of  and  in  parallel  with  the  phosphor  screen  (a) . 

A  transparent  coating  of  tin  oxide  on  the  front  plate 
forms  focusing  electrode  that  guarantees  a  circular 
beam  spot  on  the  screen  (b). 

(Reprinted  from  'Electronics  International’ 

Copyright  1979  McGraw  Hill,  all  rights  reserved) 
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GLOSSARY 


Acoustic  Coupler/Modem:  A  device  which  allows  computer  signals  to  be  encoded, 
transmitted  via  telephone  lines,  and  decoded. 

Baud:  Rate  of  data  transfer  in  units  of  "bits  per  second". 

Byte:  Several  binary  digits  of  storage  (often  4  or  8).  The  smallest  addres¬ 
sable  piece  of  storage. 

FADAC:  Field  Artillery  Digital  Automatic  Computer. 

Flags  Displayed*:  On-Off  "dots"  which  indicate  a  function  or  feature  is 
active;  for  example,  low  battery,  shift,  degrees  vs.  radians. 

HHC:  Hand-Held  Computer. 

K:  One  thousand.  For  example,  3K  =  3000. 

MOS:  Military  Occupational  Specialty. 

Numerical  Processing:  When  the  computer  is  doing  numerical  processing,  it 
reduces  all  inputs  to  their  simplest  numeric  form,  e.g.,  2x8  would  be  immed¬ 
iately  converted  to  "16"  with  no  record  kept  of  how  that  value  was  produced. 
(Compare  "string  processing".) 

Parse:  To  divide  a  string  of  alphabetic  data  into  pieces  in  order  to  facili¬ 
tate  its  analysis  on  a  component  basis. 

Peripheral:  Optional  add-on  components  like  printers,  extra  memory,  modems. 
(Compare  "mainframe".) 

QWERTY:  Standard  typewriter  keyboard  format. 

RAM:  Random  Access  Memory  -  can  be  both  read  and  changed  during  execution; 
requires  power  or  it  will  "forget". 

ROM:  Read  only  Memory  -  cannot  be  changed  during  program  execution;  requires 
no  power  to  retain  memory. 

RPN  vs.  Algebraic  Notation:  RPN  (Reverse  Polish  Notation)  is  a  logic  system 
for  entering  arithmetic  operations  into  a  calculator.  In  order  to  compute 
"3x4  *  ?",  the  user  types  "3",  hits  an  "ENTER"  key,  types  "4"  and  presses  "x". 
As  soon  as  the  "x"  is  pressed,  the  answer  12  appears. 

The  common  alternative  logic  for  calculator  entry  is  called  "algebraic".  The 
keystroke  entry  sequence  is  "3",  "x",  "4"  and  When  is  pressed,  the 
answer  appears.  Despite  the  unnaturalness  of  RPN  for  users  unfamiliar  with  it, 
it  has  been  shown  (Kasprzyk,  Drury,  and  Bialas,  Ergonomics,  1979,  No.  9, 
pages  1011-1019)  that  with  well-trained  users  of  both  systems,  the  RPN  logic 
proved  superior  consistently  in  terms  of  speed,  errors,  efficiency,  etc. 

Because  of  this,  some  high-powered  calculators  use  RPN.  Nevertheless,  because 
the  training  uses  anticipated  for  the  HHC  involve  little  use  of  the  HHC  as  a 


J-l 


calculator  and  because  the  HHC  will  ordinarily  be  available  only  during  train¬ 
ing,  it  seems  better  to  acquire  an  HHC  which  uses  algebraic  logic.  Such  an 
HHC  can  accept  formulas  nearly  exactly  as  they  appear  in  a  textbook  or  field 
manual . 

RS-232C:  A  standard  high  speed  connection  jack  used  by  the  computer  industry 
for  transferring  data. 

Selective  Dot  Erase*:  A  display  device  capability  such  that  any  dot  on  a  dis¬ 
play  can  be  erased  (or  written)  independently  of  all  others;  useful  for  anima¬ 
tions  and  complex  graphics. 

String  Processing:  When  the  computer  is  doing  string  processing,  it  does  no 
automatic  conversions  and  treats  letters,  numbers,  and  punctuation  identically; 
a  "5"  followed  by  a  "0"  is  not  treated  as  the  number  "50",  but  merely  as  con¬ 
secutive  entries  no  more  or  less  meaningful  than  the  entry  of  "$%"  or  "WZ". 
(Compare  "string  processing"  and  "parse".) 

Trap-Door  Encrypting  Algorithm:  An  algorithm  for  encrypting  which  allows 
encoders  to  have  an  encryption  key  which  can  encode,  but  not  decode,  informa¬ 
tion. 

User's  Characters*:  Characters,  e.g.,  foreign  alphabets,  or  iconic  symbols 
which  have  been  designed  and  stored  in  software  but  can  be  plotted  as  a  single 
symbol . 


*  This  is  a  definition  for  a  term  used  in  the  table  in  Appendix  A  --  it  is  not 
a  general  definition. 
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INTRODUCTION 


This  study  was  undertaken  to  examine  the  feasibility  of  using  hand¬ 
held  computers  (HHCs)  for  U.S.  Army  training  purposes.  Task  I  of  this  study 
surveyed  the  available  HHCs  and  compared  their  features  with  regard  to  possible 
uses  for  training.  The  purpose  of  Task  II  was  to  survey  selected  Army  courses 
taught  at  the  U.S.  Army  Ordnance  Center  and  School  (USAOC&S),  and  identify 
specific  training  tasks  that  could  be  used  to  demonstrate  the  feasibility  of 
using  HHCs  for  training. 

This  report  presents  the  results  of  Task  II. 


CAPABILITIES  OF  CURRENTLY  AVAILABLE 
HAND-HELD  COMPUTERS 


The  results  of  Task  I  showed  that  a  number  of  significant  training 
applications  could  be  supported  by  the  available  technology  of  HHCs.  The  infor¬ 
mation  gathered  on  the  available  devices  did  not  permit  firm,  quantitative 
comparisons  among  the  different  devices,  due  to  their  different  features  and 
the  different  ways  in  which  training  tasks  would  be  implemented  on  each  device 
to  capitalize  on  these  different  features.  Firm  conclusions  cannot  be  made 
about  the  best  HHC  for  training  or  for  use  in  a  training  feasibility  evaluation 
until  a  set  of  benchmark  training  applications  are  defined  and  programmed,  and 
implementation  is  attempted  on  the  more  promising  candidate  devices.  Task  I 
concluded  that  the  Panasonic/Quasar  HHC  was  the  most  versatile  and  powerful 
device  currently  available,  and  that  it  could  handle  a  reasonable  subset  of  the 
training  applications  identified.  Of  course,  the  technology  continues  to  evolve 
and  improved  capabilities  and  new  devices  are  constantly  being  introduced  into 
the  market. 


SURVEY  OF  SELECTED  COURSES  TAUGHT  AT  USAOC&S 


Rationale  for  Course  Selection 


During  meetings  at  USAOC&S,  the  various  training  course  offerings, 
both  enlisted  and  officer,  were  discussed.  Courses  were  selected  for  review  to 
represent  the  range  of  training  activities  offered  at  the  school.  The  following 
courses  were  selected  for  review: 

•  63B10  Light  Wheel  Vehicle/Power  Generation  Mechanic 

•  44E30  Machinist 

•  45G10  Fire  Control  Computer  Repairer 

•  41  CIO  Fire  Control  Instrument  Repairer 

•  C20  Ordnance  Officer  Basic 

•  C22  Ordnance  Officer  Advanced 


The  enlisted  MOS  courses  selected  represent  entry  level  training  (63B10, 

41  Cl 0 ,  and  45G10)  and  advanced  level  training  (44E30).  These  courses  cover 
direct  support  and  general  support  level  maintenance.  The  officer  courses 
selected  represent  both  basic  (C20)  and  advanced  (C22)  speciality  courses. 


Review  Procedure 


Interviews  were  conducted  with  the  Team  Chiefs,  who  are  responsible 
for  Course  Development,  and  with  personnel  responsible  for  conducting  the 
courses.  In  the  interviews  the  concept  of  using  an  HHC  for  training  was  discus 
sed.  The  following  kinds  of  questions  were  asked: 

1.  What  is  difficult  to  teach/learn  in  this  course? 

2.  Why  is  it  difficult? 

3.  What  parts  of  the  course  result  in  the  most  drop-outs, 
failures,  or  turnbacks? 

4.  Are  there  some  things  that  are  not  taught  because  of 
their  difficulty,  and  are  left  ?or  OJT? 

5.  What  would  you  gain/lose  by  using  an  HHC  in  this 
course? 

In  addition  to  the  interviews,  the  Program  of  Instruction  (POI)  for 
each  course  was  reviewed,  and  Lesson  Plans  for  selected  subjects  in  each  course 
were  studied. 


Rationale  for  Task  Selection 


Tasks  suitable  for  training  on  an  HHC  were  selected  in  each  course 

based  on: 

t  Course  need  -  the  lesson  was  difficult  and  students 
could  benefit  from  enhanced  training 

•  Interesting  application  -  the  lesson  offered  an 
opportunity  to  illustrate  a  different  way  of  applying 
HHCs  to  training 

•  General izabi 1 ity  -  the  lesson  represented  a  type  of 
activity  common  to  many  courses  (e.g.,  troubleshooting) 

A  variety  of  ways  to  enhance  training  using  an  HHC  in  the  school 
environment  were  suggested  during  the  course  survey.  These  ways  include  rein¬ 
forcement  training,  remedial  training,  self-testing,  proficiency  testing 
(examinations),  and  training  management.  Reinforcement  training  could  involve 
review  and  practice  pr-or  to  examinations,  and  computer  guided  practice  with 
additional  problems.  Remedial  training  could  involve  additional  work  with  an 
HHC  as  assigned  by  the  instructor. 


The  HHC  does  not  appear  to  be  particularly  useful  for  initial  instruc¬ 
tion  (i.e.,  the  traditional  CAI  tutorial  mode).  This  is  due  to  the  limited  dis¬ 
play  capabilities  of  existing  devices.  Neither  does  the  HHC  appear  useful  for 
tasks  involving  "seeing  and  feeling"  or  hands-on  use  of  equipment.  Since  much 
of  the  course  for  MOS  41  Cl 0  (Fire  Control  Instrument  Repairer)  involves  train¬ 
ing  for  these  types  of  tasks,  applications  of  an  HHC  were  difficult  to  concep¬ 
tualize.  No  applications  were  identified  for  this  course  and  it  was  eliminated 
from  further  consideration.  Applications  in  the  C20  course  (Ordnance  Officer 
Basic)  were  found  to  be  very  similar  in  approach  (but  not  content)  to  applica¬ 
tions  in  the  C22  course  (Ordnance  Officer  Advanced).  In  addition,  more  of  the 
C22  course  appears  devoted  to  problem  solving  and  practice  exercises.  For  these 
reasons  the  C20  course  was  not  studied  further. 


Description  of  Potential 


>1  ications 


Potentially  useful  applications  were  found  for  most  courses  examined. 

Of  course,  many  parts  of  the  courses  cannot  effectively  utilize  an  HHC  to 
enhance  training.  As  previously  noted,  the  HHC  does  not  appear  useful  for 
initial  instruction.  Many  of  the  potential  applications  will  require  reference 
to  supplemental  sheets  or  student  handouts  to  circumvent  the  display  limitations. 


63B10 


The  most  promising  applications  in  the  63B10  course  involve  trouble¬ 
shooting  vehicle  systems  and  use  of  various  TMs  (helping  soldiers  understand 
TMs  and  checking  soldiers'  use  of  TMs).  Table  1  presents  the  potential 
applications  identified  and  a  detailed  example  of  how  troubleshooting  using  a 
TM  can  be  taught. 


44E30 


The  most  promising  applications  in  the  44E30  course  involve  aiding 
the  student  in  the  use  of  shop  math  at  the  machines.  This  application  is 
possible  because  of  the  size  and  portability  of  HHCs.  Table  2  presents  the 
potential  applications  identified  and  a  detailed  example  of  how  use  of  shop  math 
can  be  reinforced. 


45610 


The  most  promising  applications  in  the  45G10  course  involve  digital 
electronics.  Table  3  presents  the  potential  applications  identified  and  a 
detailed  example  of  drill-and-practice  in  one  basic  subject. 


TABLE  1.  POTENTIAL  APPLICATIONS  IN  THE  63B10  COURSE 


Course:  63B10  Light  Wheel  Vehicle/Power  Generation  Mechanic. 

Lessons:  Parts  of  A-3,  A-5,  A-6,  A-8,  A-10,  A-ll,  C-l ,  C-7,  C-13,  C-14,  C-17, 
D-l ,  0-3,  E-l ,  E-8,  E-ll,  H-l ,  H-3  (Lessons  related  to  Power  Generation  have 
been  excluded,  due  to  possible  revisions  in  the  POI.) 

Appl  i  cat  ions:  Drill  arjd  practice  for  characteristics  of  vehicles  and  tools*, 
automotive^! ectri city  ,  shop  safety,  use  of  reference  material,  and  engine 
principles  . 

Problem  solving  for  troubleshooting  vehicle  systems*,  and  for 
vehicle  recovery  problems  . 

Games  to  practice  troubleshooting. 

Training  management  for  testing,  and  for  diagnosing  student 
learning  problems  related  to  the  referenced  lessons. 

*-  Will  probably  require  reference  to  printed  illustrations  or  problems. 

63B10  Example:  A  student  wants  self-testing  on  troubleshooting  prior  to  the 
course  examination.  The  student  is  provided  with  an  HHC  with  preprogrammed  and 
preloaded  programs  to  randomly  generate  a  series  of  troubleshooting  problems. 

The  HHC  is  used  to  generate  troubleshooting  problems,  display 
symptoms  and  test  results,  provide  feedback  on  the  tests  selected,  monitor  use 
of  the  TM,  and  score  the  final  decision  (identification  of  the  failed  compon¬ 
ent). 
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TABLE  1.  POTENTIAL  APPLICATIONS  IN  THE  63B10  COURSE 

(Continued) 


_ General  Flow _ 

1  Student  (S)  turns  HHC  on 

2  Computer  (C)  displays 
menu  of  available  lessons 


3  S  selects  appropriate 
choice 

4  C  acknowledges  choice 

5  C  asks  S  to  choose  vehi¬ 
cle 

6  S  selects  appropriate 
vehicle 

7  C  acknowledges  choice 

8  C  randomly  selects  compon¬ 
ent  to  fail  (but  does  not 
tell  student) 

9  C  displays  appropriate 
symptom(s)  of  malfunction 


Example 


For  example,  the  menu  of  lessons  might  be: 

1  -  Troubleshoot  fuel  system 

2  -  Troubleshoot  electrical  system 

3  -  Troubleshoot  clutch 

4  -  Troubleshoot  service  brakes 

5  -  Troubleshoot  steering 

Suppose  S  enters  "1 " 

C  displays  "You  have  chosen  Lesson  1" 

C  displays  "Which  vehicle?  Ml 51 ,  M880,  or 
M35?" 

S  enters  "M35" 

C  displays  "O.K.  Troubleshooting  the  fuel 
system  on  the  M35" 

C  selects  defective  injection  fuel  pump  from 
list  of  possible  malfunctions 


C  displays  "Symptom  is  engine  cranks  but  will 
not  start" 


10  C  asks  S  to  indicate 
appropriate  TM 

11  S  enters  TM  number 

12  C  indicates  whether  cor¬ 
rect  or  incorrect 

13  C  asks  S  to  indicate  page 
number  from  TM 

14  S  enters  page  number 

15  C  indicates  whether  page 
is  correct  or  incorrect 

16  C  asks  S  to  select  test 
number  from  page  in  TM 

17  S  enters  test  number 

18  C  displays  test  result(s) 

19  C  asks  S  to  select  next 
test 

20  S  enters  test  number 


C  displays  "Enter  TM  number?" 

S  enters  "TM9-2320-209-20-1 " 

C  displays  "Correct  TM" 

C  displays  "Enter  page  number?" 

S  enters  "2-19" 

C  displays  "Correct  page  number" 

C  displays  "Enter  check" 

S  enters  "2.1"  or  "Check  fuel  level" 

C  displays  "Gage  reads  full  and  fuel  in  tank" 
C  displays  "Enter  check" 

S  enters  "2.2"  or  "Check  fuel  pump" 
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TABLE  1.  POTENTIAL  APPLICATIONS  IN  THE  63B10  COURSE 

(Continued) 


General  Flow 

Example 

21 

C  displays  test  result(s), 
etc. 

C  displays  "No  fuel  in  pump" 

22 

C  asks  S  to  select  next 
test 

C  displays  "Enter  Check" 

23 

S  enters  instructions  to 
go  to  new  page 

S  enters  "Go  to  2-17" 

24 

C  acknowledges  choice 

C  displays  "Going  to  2-17" 

25 

C  asks  S  to  select  next 
test 

C  displays  "Enter  check" 

26 

S  enters  test  number 

S  enters  "2.2"  or  "Examine  fuel  pump" 

27 

If  incorrect,  C  provides 
correct  test  number,  etc. 

C  displays  "No,  you  should  perform  check  2.1 
first" 

28 

C  displays  "Enter  check" 

29 

S  enters  "2.1"  or  "Check  filters  and  lines" 

30 

C  displays  "No  plugs  or  defects" 

31 

C  displays  "Enter  check" 

32 

S  enters  "2.2"  or  "Examine  fuel  pump" 

33 

C  displays  "Pump  does  not  operate" 

34 

C  displays  "Enter  check" 

35 

S  enters  "Replace  fuel  pump" 

36 

C  displays  "No,  you  should  go  to  page  2-101 
first" 

[After  completing  checks  on 

pages  2-101  and  2-102] 

37 

S  enters  decision  to  per¬ 
form  some  maintenance 
action 

S  enters  "Replace  fuel  pump" 

38 

C  acknowledges  choice 

C  displays  "Fuel  pump  replaced" 

C 


42  C  indicates  whether  cor-  C  displays  "Good.  You  completed  this  problem 

rect  or  incorrect  and  in  125  seconds." 

scores  performance 

43  C  returns  to  lesson  C  displays  "Select  lesson?" 

selection  step  (Step  2) 


After  completing  the  problems,  the  HHC  can  store  and  display  the 
number  of  problems  attempted,  the  number  of  errors  and  the  type  of  errors  by 
system  (fuel  system,  electrical  system,  etc.).  This  information  can  be  used  as 
the  basis  of  a  game  or  contest  among  students. 


TABLE  2.  POTENTIAL  APPLICATIONS  IN  THE  44E30  COURSE 


Course:  44E30  Machinist  BTC 

Lessons:  Parts  of  EA-1 ,  EA-2,  EA-4,  EC-16,  EC-23,  EE-2,  G-l ,  H-l ,  H-2,  H-4  and 

h^: 


Appl ications:  Drill  and  practice  for  basic  math,  metric  conversion,  use  of 
trig  tables,  shop  safety,  welding  symbols*,  nomenclature  for  tools,  machines, 
drills,  threads,  and  gears*. 

Problem  solving  for  shop  math  problems  ,  job  estimate  problems*, 
and  layout  problems*. 

Job  aid  for  guiding  problem  solving  while  at  the  machines  (not 
functioning  as  a  calculator  or  substituting  for  use  of  the  FM). 

Training  management  for  testing,  and  for  diagnosing  student 
learning  problems  related  to  the  referenced  lessons. 

*-  Will  probably  require  reference  to  printed  illustrations  or  problems. 

44E30  Example:  A  student  is  working  on  shop  math  problems.  The  student  is  pro- 
vided  with  a  sheet  of  shop  math  problems,  a  sheet  of  formulae,  the  necessary  FM, 
and  an  HHC  with  preprogrammed  and  preloaded  programs  to  match  the  problems. 

For  example,  the  problems  might  be: 

1.  Find  the  correct  drill  speed  (in  rpm)  for  drilling  a  1 /2-inch  hole  in  a 
stainless  steel  plate  1/4-inch  thick. 

2.  Find  the  correct  drill  speed  (in  rpm)  for  drilling  with  a  Number  35  twist 
drill  in  forged  steel  that  is  1/8-inch  thick. 

3.  Find  the  correct  spindle  speed  for  cutting  a  1-1/2-inch  diameter  aluminum 
stock  4-inches  long  on  a  lathe. 

4.  Compute  the  tap  drill  size  foe  a  3/8-16  UNC  thread. 

5.  Find  the  major  diameter  for  a  No.  10-32  screw. 

6.  Compute  the  tap  drill  size  for  a  No.  10-32  screw. 

The  HHC  is  used  to  guide  the  selection  of  the  correct  formula, 
provide  feedback  on  values  being  used  (from  problem  statement  or  TM;,  guide 
arithmetic  computations  (but  not  perform  the  computations),  and  score  the  pro¬ 
blem  solution. 
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TABLE  2.  POTENTIAL  APPLICATIONS  IN  THE  44E30  COURSE 

(Continued) 


l 


! 


) 


W 


_ General  Flow _ 

1  Student  (S)  turns  HHC  on 

2  Computer  (C)  displays 
menu  of  available  lessons 


3  S  selects  appropriate 
lesson 

4  C  acknowledges  choice 

5  C  asks  S  to  enter  problem 
identification  from  sheet 

6  S  enters  problem  identi¬ 
fication 

7  C  acknowledges  choice 

8  C  asks  S  to  select  equa¬ 
tion  from  sheet 

9  S  enters  equation  or 
identification  number 

10  C  indicates  whether 
correct  or  incorrect 

11  If  correct,  C  asks  S  to 
enter  value  for  first 
variable 

12  S  enters  value  from  TM 

13  C  checks  and  acknowledges 
if  within  range  and  In 
correct  units 

14  C  asks  to  enter  value  for 
second  variable,  etc. 

15  S  enters  value 

16  When  all  values  have  been 
entered,  C  asks  for  par¬ 
tial  solutions 

17  S  enters  partial  solu¬ 
tions 

18  C  indicates  whether 
correct  or  incorrect 


Exampl e 


For  example,  the  menu  of  lessons  might  be: 

1  -  Basic  Math 

2  -  Metrics 

3  -  Use  of  Trig  Tables 

4  -  Shop  Math  Problems 

5  -  Job  Estimate  Problems 

6  -  Layout  Problems 

Suppose  S  enters  "4" 


C  displays  "You  have  selected  Lesson  4" 
C  displays  "Enter  Problem  Number" 

Suppose  S  enters  "1" 


C  displays  "You  have  selected  Problem  1" 
C  displays  "Select  equation" 

S  enters  "RPM  =  (CSx4)/D" 


C  displays  "Right  equation!" 
C  displays  "Enter  CS" 


S  enters  "30" 

C  accepts  values  between  30  and  40 
C  displays  "What  units?" 

S  enters  "rpm" 

C  displays  "Correct,  Enter  D" 


S  enters  "1/4  inch" 

C  displays  "Correct" 

C  displays  "What  is  CS  x  4?" 


S  enters  "120" 


C  displays  "Correct" 
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TABLE  2.  POTENTIAL  APPLICATIONS  IN  THE  44E30  COURSE 

(Continued) 

_ General  Flow _  _ Example _ 

19  If  correct,  C  asks  for  C  displays  "What  is  correct  RPM?" 

final  solution 

20  S  enters  final  solution  S  enters  "480" 

21  C  indicates  whether  cor-  C  displays  "That's  right!" 

rect  or  incorrect 

22  If  correct,  C  asks  for  S  (Not  applicable  in  this  example) 
decision  (drill  size, 

machine  setting,  etc.)  if 
appropriate 

23  S  enters  decision 

24  If  correct,  C  scores  pro-  C  displays  "You  have  1  right  out  of  1  pro¬ 
blems,  displays  results  blems.  Enter  Problem  Number" 

and  returns  to  enter 
problem  identification 
step  (Step  5) 

Suppose  the  S  makes  a  mistake  at  20: 

20  S  enters  final  solution  S  enters  "30"  or  other  wrong  answer 

C  indicates  whether  cor-  C  displays  "That's  not  correct.  Try  again, 

rect  or  incorrect 

S  enters  "30"  again 

C  aids  S  C  displays  "You  must  divide  120  by  1/4. 

That's  the  same  as  multiplying  by  4.  Try 
again." 

S  enters  "480" 

C  indicates  whether  cor-  C  displays  "That's  right!" 
rect  or  incorrect 

C  indicates  results  and  C  displays  "You  have  1  right  out  of  1  pro¬ 
returns  to  Step  5  blems.  You  have  made  1  errors.  Enter  Pro¬ 

blem  Number" 

Advanced  Lessons 
Steps  1-7  as  above: 

8'  C  asks  S  for  final  answer  C  displays  "Enter  final  answer" 

9'  S  enters  answer  S  enters  "400"  or  other  wrong  answer 

10'  C  indicates  whether  cor-  C  displays  "Not  quite  correct.  Let's  check 

rect  or  incorrect  and  (if  how  you  got  that  answer" 
error  cannot  be  diagnosed 
from  the  answer)  begins 
step-by-step  mode  of  Pro¬ 
blem  Solving  (goes  to 
Step  8  in  main  sequence) 
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TABLE  2.  POTENTIAL  APPLICATIONS  IN  THE  44E30  COURSE 

(Continued) 


After  completing  the  problems,  the  HHC  can  store  and  display  the 
number  of  problems  attempted,  the  number  of  errors,  and  the  type  of  errors 
(selecting  formulae,  looking  up  tabled  data  in  the  FM,  arithmetic  errors,  dec 
sion  errors,  etc.).  Some  of  this  information  can  be  used  as  the  basis  of  a 
game  or  contest  among  students. 


TABLE  3.  POTENTIAL  APPLICATIONS  IN  THE  45G10  COURSE 


Course:  45G10  Fire  Control  Systems  Repairer 

Lessons:  Parts  of  A-5,  B-l,  B-2,  B-3,  B-4,  B-5,  B-6,  B-7,  B-8,  B-9,  B-10,  B-ll , 
B-14,HB^15,  B-l 6,  B- 17,  B-18,  B-l 9,  B-20,  C-l ,  C-2,  C-3  and  C-5. 

Appl i cat ions:  Drill  and  practice  for  shop  safety,  electrical  safety,  basic 
electricity,  circuit  analysis*,  basic  digital  circuits*,  logic  applications* 
and  number  system  conversions. 

Problem  solving  for  circuit  analysis  and  logic  mechanization 

problems*. 

Training  management  for  testing,  and  for  diagnosing  student 
learning  problems  related  to  the  referenced  lessons. 

*-  Will  probably  require  reference  to  printed  illustrations  or  problems. 

45G10  Example:  A  student  requires  reinforcement  training  on  binary/ octal/ 
hexadecimal  conversions.  The  student  is  provided  with  an  HHC  with  preprogrammed 
and  preloaded  programs  to  randomly  generate  a  series  of  number  system  conversion 
problems. 

The  HHC  is  used  to  generate  and  display  the  problems,  adjust  the 
difficulty  level  to  student  performance  (adaptive  program),  guide  the  problem 
solution,  and  score  the  answer. 


TABLE  3.  POTENTIAL  APPLICATIONS  IN  THE  45G10  COURSE 

(Continued) 

_ General  Flow _ _ Example _ 

1  Student  (S)  turns  HHC  on 

2  Computer  (C)  displays  For  example,  the  menu  of  lessons  might  be 

menu  of  available  lessons  1  -  Number  Systems 

2  -  Decimal  -  Binary  Conversion 

3  -  Decimal  -  Octal  Conversion 

4  -  Decimal  -  Hexadecimal  Conversion 

5  -  Binary  Arithmetic 

6  -  Boolean  Logic 

7  -  Flip-Flop  Circuits 

8  -  Logic  Mechanization  Problems 

3  S  selects  appropriate  Suppose  S  enters  "2" 

lesson 

4  C  acknowledges  choice  C  displays  "You  have  chosen  Lesson  2" 

5  C  generates  and  displays  C  displays  "3(10)  =  _  (2)?" 

initial  problem  (using 

random  number  generator) 

6  S  enters  answer  S  enters  "11" 

7  C  indicates  whether  cor-  C  displays  "Right!" 

rect  or  incorrect 

8  C  generates  and  displays  C  displays  "101(2)  *  _  (10)?" 
second  problem 

9  S  enters  answer  S  enters  "5" 

10  C  indicates  whether  cor-  C  displays  "Right!" 

rect  or  incorrect. 

If  S  answers  three  pro¬ 
blems  in  sequence  cor¬ 
rectly,  C  increases  diffi¬ 
culty  of  subsequent  pro¬ 
blems.  If  S  answers  two 
problems  in  sequence 
incorrectly,  C  decreases 
difficulty  of  subsequent 
problems. 

If  S  makes  an  error,  C 
repeats  problem  after  2 
or  3  intervening  pro¬ 
blems. 


TABLE  3.  POTENTIAL  APPLICATIONS  IN  THE  45G10  COURSE 

(Continued) 

_ General  Flow _  _ Example _ 

11  When  many  (10  to  2C)  pro-  C  displays  "You  got  19  out  of  20  problems 
blems  have  been  attempted,  correct.  Very  good.  Enter  Problem  Number". 

C  displays  results  and 
returns  to  select  lesson 
step  (Step  2). 

C  stores  S  difficulty 
level  until  deliberately 
cleared.  (This  allows  S 
to  extend  lessons  at  latest 
difficulty  level . ) 

C  stores  problems  missed 
for  instructor  diagnosis. 

After  completing  the  problems,  the  HHC  can  store  and  display  the  pro¬ 
blem  difficulty  level  and  percent  correct  score.  This  information  can  be  used 
as  the  basis  of  a  game  or  contest  among  students. 


The  most  promising  applications  in  the  C22  course  involve  problem 
solving  for  preparing  orders,  completing  forms  and  performing  exercises.  Table 
4  presents  the  potential  applications  identified  and  a  detailed  example  of  how 
preparation  of  orders  can  be  taught. 


Priorities  for  Implementation 


The  potential  applications  identified  in  four  courses  reviewed  during 
the  survey  were  ranked  in  order  of  priority  for  implementation  for  a  feasibility 
test  and  evaluation  study. 

In  rank  ordering  the  courses  consideration  was  given  to  (a)  satisfying 
training  needs  of  the  course  and  (b)  providing  a  useful  setting  for  a  test  and 
evaluation  study.  This  means  that  there  must  exist  a  substantial  block  of 
instruction  (not  bits  and  pieces)  in  the  course  that  can  benefit  from  introduc¬ 
tion  of  an  HHC  for  training.  In  addition,  the  student  volume  of  the  course 
should  be  large  enough  so  that  number  of  participant  students  will  not  be  a 
problem  in  a  statistical  study.  Finally,  the  applications  should  be  general izable 
to  other  TRADOC  courses. 

The  courses  are  listed  below  from  highest  to  lowest  priority: 

1.  63B10  Light  Wheel  Vehicle/Power  Generation  Mechanic 

2.  45G10  Fire  Control  Systems  Repairer 

3.  44E30  Machinist 

4.  C22  Ordnance  and  Chemical  Officer  Advanced 

The  63B10  course  has  blocks  of  instruction  devoted  to  troubleshooting 
vehicle  systems  and  has  a  high  volume  of  students.  Troubleshooting  is  a  signi¬ 
ficant  part  of  many  TRADOC  courses. 

The  45G10  course  has  a  block  of  instruction  devoted  to  basic  digital 
electronics.  In  addition,  students  in  this  course  (concerned  with  computer 
maintenance)  would  be  motivated  to  use  HHCs  in  their  training. 

The  44E30  course  has  blocks  of  instruction  devoted  to  basic  and  shop 
math.  The  HHC  could  be  useful  at  the  machines. 

The  C22  course  has  numerous  problems  and  exercises.  These  occur 
throughout  the  course,  and  require  the  development  of  large  amounts  of  supple¬ 
mental  material  (handouts)  to  implement  training  using  an  HHC. 


TABLE  4.  POTENTIAL  APPLICATIONS  IN  THE  C22  COURSE 


Course:  C22  Ordnance  and  Chemical  Officer  Advanced 

Lessons:  Parts  of  A2-10,  A2-12,  A2-14,  A2-15,  A2-19,  A2-21 ,  A3-2  through 
A3-8,  A3-10,  A3-11,  A3-12,  Bl-2,  B2-1 ,  B2-5,  B2-7,  Dl-6,  D2-5,  D2-6,  E-3,  E-5, 

11-2,  11-3,  11-6,  11-9,  11-11,  11-12,  11-15,  11-21,  11-23,  11-40,  12-8,  13-5, 

14-6,  15-2  through  15-8,  15-14  through  15-27,  15-31,  16-2,  16-3,  16-5,  16-6, 

16-7,  19-3  (POI  dated  January  1930). 

Applications:  Problem  solving  for  reading  printouts*,  responding  to  situa¬ 
tions  ,  solving  managerial  problems*,  computing  requirements*,  computing  wea¬ 
pons  effects*,  and  analyzing  reports*. 

Inquiry  for  developing  plans*,  and  completing  forms*. 

Games  to  practice  estimating  and  computing  skills*. 

Training  management  for  testing,  and  for  diagnosing  student 
learning  problems  related  to  the  referenced  lessons. 

*-  Will  probably  require  reference  to  printed  illustrations  or  problems. 

C22  Example:  A  student  needs  reinforcement  training  in  preparation  of  Operation 
Orders.  The  student  is  provided  with  a  sheet  containing  order  and  plan  problems, 
an  HHC  with  preprogrammed  and  preloaded  programs  to  match  the  problems,  partial 
information  corresponding  to  each  problem  (but  not  in  correct  format  or 
sequence),  and  a  set  of  blank  standard  forms.  • 

The  student  identifies  the  situation  or  problem,  and  then  selects 
the  questions  he  needs  to  ask  to  get  information  from  the  HHC  to  complete  the 
form.  The  partial  information  provided  for  each  problem  obviates  the  need  to 
display  lengthy  pieces  of  information.  Nevertheless,  the  student  must  identify 
which  crucial  pieces  of  information  (dates,  unit  designations,  etc.)  needed  to 
complete  the  0P0RD  are  missing,  and  must  determine  where  to  place  the  available 
information  in  the  0P0RD  form.  Extraneous  information  may  also  be  present  in 
the  information  sheet  provided  for  each  problem.  In  response  to  the  student's 
questions,  the  HHC  provides  the  requested  information,  or  indicates  that  it  is 
already  available  in  the  information  sheet.  The  student  then  indicates  where  the 
information  goes  on  the  0P0RD  form.  Upon  completion,  the  HHC  scores  the  solu¬ 
tion,  and,  when  connected  to  a  printer,  can  print  the  0P0RD,  if  desired. 


TABLE  4.  POTENTIAL  APPLICATIONS  IN  THE  C22  COURSE 

(Continued) 


General  Flow _ 

1  Student  (S)  turns  HHC  on 

2  Computer  (C)  displays 
menu  of  available  lessons 


3  S  selects  appropriate 
lesson 

4  C  acknowledges  choice 

5  C  asks  S  to  enter  problem 
identification  from  sheet 

6  S  enters  problem  identi¬ 
fication 

7  C  acknowledges  choice 

8  C  asks  S  to  enter  first 
question 

9  S  enters  question  to 
obtain  information  not 
available  in  the  handout 

10  C  provides  relevant  infor 
mation  or  the  location  of 
the  requested  information 
in  the  handout 

11  C  asks  S  to  indicate 
where  in  the  0P0RD  the 
information  should  be 
placed 

12  S  indicates  location  in 
OPORD  form 

13  C  asks  S  to  enter  next 
question 

14  S  enters  question 

15  C  provides  the  location 
of  the  requested  infor¬ 
mation  in  the  handout 


Example 


For  example,  the  menu  of  lessons  might  be: 

1  -  OPORD/OPLANS 

2  -  ADMIN/LOG  orders 

3  -  SOP's 

4  -  Warning  orders 

5  -  FRAGO's 

Suppose  S  enters  "1" 


C  displays  "You  have  selected  OPORD/OPLANS 
C  displays  "Enter  Problem  Number" 


Suppose  S  enters  "1" 


C  displays  "You  have  selected  DISCOM  OPORD 
Problem  A" 

C  displays  "Your  question?" 


S  enters  "What  is  enemy. forces  situation?" 


C  displays  "Annex  A  (Intelligence)  to  25±il 
Armed  Division  OPORD  26" 


C  displays  "Placement?" 


S  enters  "Paragraph  1  a" 


C  displays  "Your  question?" 


S  enters  "What  is  friendly  forces  situation?" 

C  displays  "See  Note  3"  (Note  3  in  the  hand¬ 
out  contains  a  description  of  friendly  forces 
situation,  but  lacks  certain  essential  items 
of  information  necessary  to  complete  Para¬ 
graph  1  b. ) 


A 

<  . 

TABLE  4.  POTENTIAL  APPLICATIONS  IN  THE  C22  COURSE 

(Continued) 

_ General  Flow _ _ Example _ 

16  C  asks  S  to  indicate  where  C  displays  "Placement?" 

in  the  OPORD  the  informa-  n 

tion  should  be  placed 

17  S  indicates  location  in  S  enters  "Paragraph  1  b" 

OPORD  form  * 

18  C  asks  S  to  enter  next  C  displays  "Your  question?" 

question 

19  S  enters  question  S  enters  "When  does  attack  occur?"  (Appar¬ 

ently  Note  3  did  not  contain  this  needed 
information. ) 

20  C  provides  relevant  infor-  C  displays  "100500  May" 
mation 

21  C  asks  S  to  indicate  C  displays  "Placement?" 

where  in  the  OPORD  the 

information  should  be 
placed 

22  S  indicates  location  in  S  enters  "Paragraph  1  b" 

OPORD  form 

23  C  asks  S  to  enter  next  C  displays  "Your  question?" 

question,  etc. 

24  When  S  has  asked  all  ques¬ 
tions  he  needs,  he  indi¬ 
cates  placement  of 
remaining  items  in  hand¬ 
out.  C  indicates  whether 
additional  questions  need 
to  be  asked  and/or  infor¬ 
mation  placed  in  the  OPORD 
form.  C  scores  the*  pro¬ 
blem  based  on  the  nOmber 
of  unnecessary  questions 
asked  and  the  placement 

of  only  relevant  infor¬ 
mation  in  the  correct 
paragraphs  of  the  OPORD. 

C  displays  the  results, 
determines  if  a  print¬ 
out  is  desired,  and 
returns  to  the  problem 
iden*ifi cation  step 
(Step  5). 
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TABLE  4.  POTENTIAL  APPLICATIONS  IN  THE  C22  COURSE 

(Continued) 


_ general.  How _  _ Example 

When  connected  to  a  printer, 

C  will  print  out  the  OPORD 
as  prepared  and  sequenced 
by  S  along  with  the  pro¬ 
blem  number,  the  number  of 
unnecessary  questions 
asked,  the  number  of  irrel¬ 
evant  items  of  information 
included,  the  number  of 
essential  items  of 
information  omitted,  the 
number  of  items  incor¬ 
rectly  placed,  etc. 


After  completing  the  problems,  the  HHC  r*n  store  and  display  the 
of  problems  completed,  the  number  of  errors,  and  the  type  of  errors  made, 
information  can  be  used  for  diagnostic  purposes  by  the  instructor. 


number 

This 
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DISCUSSION 


Considerations  Regarding  the  Choice  of  a  Specific  Device 


New  Devices 


Since  computer  technology  is  an  area  of  such  active  exploration  and 
development,  it  is  hardly  surprising  that  new  HHCs  are  being  marketed  regularly 
and  that  little  advanced  information  is  supplied.  Specifically  in  this  case,  two 
significant  new  devices  have  become  available  in  the  few  months  since  Part  I  of 
this  study  was  prepared.  Tandy  (Radio  Shack)  has  announced  the  TRS-80  PC2,  a 
considerably  enhanced  version  of  the  PCI.  Several  of  the  major  limitations 
(especially  expandable  memory  size)  have  been  improved,  but  no  actual  devices 
or  detailed  specifications  are  available  at  this  time.  The  cost  should  be 
about  $280  and  deliveries  are  promised  in  the  second  quarter  of  1982.  Note  that 
the  table  in  Part  I  refers  only  to  the  older  PCI. 

Hewlett-Packard  has  announced  nearly  a  dozen  new  peripherals  which 
enhance  the  HP-41 C.  A  bar  code  printer  and  extra  memory  (4K)  are  the  most 
important  additions  for  Army  training  needs.  An  important  set  of  business  soft¬ 
ware  was  released  for  the  Panasonic/Quasar.  Although  none  is  related  to  Army 
training  needs,  the  availability  of  such  software  opens  the  possibility  that 
Army  units  may  acquire  the  device  as  an  everyday  tool  and  thus  have  it  available 
for  embedded  training  applications  (see  section  on  piggybacking  and  embedding 
capabilities). 


Memory  Considerations 


The  size  of  the  available  memory  remains  a  significant  issue.  In 
general,  nearly  all  microcomputer  users  eventually  become  sophisticated  enough 
in  their  needs  and  applications  that  they  run  out  of  memory  space.  Although 
large  memories  may  not  be  needed  for  a  demonstration  project,  eventual  useful¬ 
ness  of  a  device  will  probably  be  limited  by  memory  size.  Flexibility  in  memory 
type  can  be  useful,  as  well.  Although  pre-programmed  ROM  is  optimal  for  long¬ 
term,  field-use  delivery,  the  demonstration  project  would  be  advised  to  use  the 
more  easily  modifiable  RAM  memory.  Later,  a  ROM  could  be  produced  by  the  manu¬ 
facturer  from  the  program  stored  in  the  RAM.  Thus,  ideally,  large  amounts  of 
both  types  of  memory  should  be  available. 

It  is  true  that  many  instructional  examples  (including  those  noted  in 
this  study)  can  be  programmed  in  a  few  thousand  bytes.  However,  most  of  those 
uses  are  not  cost-effective  if  they  stand  alone. 

One  would  not  put  a  small  drill-and-practice  lesson  on  an  intelligent 
device:  flashcards  would  be  cheaper.  Only  if  a  large  number  of  items  were  to 
be  learned  and  a  sophisticated  feedback  paradigm  were  to  be  used  would  an  HHC 
be  cost  justified.  Likewise,  a  simple  simulation  or  problem-solving  task  can 
be  programmed  on  almost  any  HHC,  but  a  job  performance  aid  would  be  only  a  few 
pages  for  such  a  task.  Only  for  a  complex,  interrelated  system  could  cost- 
effectiveness  result  from  an  HHC  implementation. 
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To  summarize,  the  availability  of  modular  RAM  and  ROM  memory  in  large 
amounts  is  very  important  for  choosing  an  appropriate  HHC  for  training. 

Display 


Because  the  display  is  so  limited  on  an  HHC,  it  is  important  to 
consider  the  types  of  training  problems  which  need  to  be  solved.  Information 
presentation  via  the  HHC  (e.g.,  a  tutorial)  is  clearly  impractical.  The 
matrix  LCDs  offers  little  over  the  segment  displays  unless  one  designs  his  own 
characters  or  iconics.  Iconics  can  be  useful  since  they  concisely  "picture" 
some  piece  of  information.  For  example  on  a  system  which  required  temperatures, 
humidity,  angle,  etc.,  to  be  entered,  it  might  be  possible  to  display  each  input 
next  to  its  iconic  representation  (thermometer,  raindrop,  pie-slice)  on  a  single 
line,  rather  than  paging  through  several  lines  to  review  all  input.  Upper  and 
lower  case  letters  are  also  important  for  some  topics  (e.g.,  chemistry:  Co  is 
not  CO). 


Language 


Since  no  HHCs  have  a  CAI  language  (e.g.,  PILOT),  it  is  clear  BASIC  will 
have  to  be  used.  However,  it  is  possible  to  use  BASIC  effectively  if  the  devel¬ 
opers  have  access  to  a  library  of  CAI  subroutines  which  emulate  CAI  commands. 


Speed 


For  most  CAI  applications,  computer  speed  is  rarely  a  limiting  factor. 
Computation  can  and  should  be  broken  up  so  it  is  done  as  each  input  is  made. 

All  the  available  HHCs  appear  to  have  adequate  computational  power  for  the  kinds 
of  tasks  envisioned. 


Peripherals 


Although  the  number  and  range  of  peripherals  (other  than  memory,  dis¬ 
cussed  above)  may  not  be  important  for  training  delivery,  they  do  decrease 
courseware  production  costs.  Furthermore,  they  tend  to  promote  general  accept¬ 
ance  by  a  large  community  of  users  with  whom  experience  can  be  exchanged. 


Logistical  Considerations 


The  discussion  of  modes  of  use  for  a  limited  test  and  evaluation 
study  is  clouded  by  "chicken-and-egg"  problems.  Some  of  the  most  exciting  and 
most  cost-effective  modes  of  use  require  considerable  front-end  investment. 

For  example,  most  HHCs  could  be  interfaced  to  a  large  mainframe  computer  or  a 
central  microcomputer.  Such  a  system  could  store  training  materials  and  load 


them  individually  as  needed  into  each  student's  HHC.  Likewise,  all  results 
from  students  could  be  fed  by  interface  to  the  main  computer  for  compilation 
and  long-term  storage.  Alternatively,  for  some  HHCs,  such  data  could  be 
centralized  in  the  instructor's  HHC.  But  for  a  demonstration  program,  it  is 
perhaps  most  feasible  to  use  less  automated  means  to  disseminate  courseware 
and  to  record  results. 

In  the  long  range  view,  it  might  be  advantageous  to  issue  trainees 
HHCs  which  they  carry  with  them  during  and  after  class.  This  would  allow  extra 
practice  to  be  encouraged  in  the  manner  that  video  games  motivate  users.  For 
the  demonstration  project,  however,  a  simpler  approach  in  which  HHCs  are  handed 
out  by  instructors  at  the  beginning  of  class  and  collected  when  class  is  over 
should  provide  an  adequate  test.  Different  devices  would  have  different 
sets  of  lessons  preloaded. 


User  Acceptance 


User  acceptance  by  students  is  expected  to  be  high  because  calcula¬ 
tors  and  computers  tend  to  be  intrinsically  interesting,  high  status  items. 

The  "extra"  features  some  HHCs  have  built  in  (e.g.,  the  clock/calendar  func¬ 
tions)  may  offer  a  considerable  distraction  to  students  and  this  may  lower 
instructor  acceptance.  Further,  during  interviews  with  course  instructors. 

Battel le  researchers  noted  continuing  confusion  in  the  minds  of  instructors 
between  calculators  (which  the  school  does  not  provide  or  encourage  students  to 
use)  and  HHCs.  This  difference  will  be  important  to  point  out  to  instructors 
during  any  demonstration  project.  Complicating  this  issue,  and  probably  contri-  ^ 
buting  to  a  negative  image  of  any  HHC  chosen,  is  the  "calculator  feature"  built 
into  most  HHCs.  It  would  require  a  new  ROM  to  eliminate  this  feature  from  the 
HHCs  —  a  fairly  costly  step. 


Instructional  Applications  Amenable  to  HHCs 


HHCs  offer  certain  specific  advantages  and  disadvantages  based  on 
their  characteristics.  The  sections  below  discuss  how  such  issues  affect  poten 
tial  instructional  uses. 


Reasons  for  Using  HHCs 

The  four  main  reasons  for  considering  HHCs  as  an  instructional  deli¬ 
very  device  are: 

•  portability 

•  capability  for  piggybacking  or  embedding  training 

•  size 

•  cost 
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Portability.  Portability  of  training  is  probably  the  best  reason  for 
using  an  HHC.  Though  microcomputers  are  often  called  personal  computers,  HHCs 
may  be  considered  even  more  personal;  they  can  be  carried  in  one's  pocket  in 
most  cases  and  in  a  briefcase-sized  compartment  in  all  cares.  Replaceable  or 
rechargeable  batteries  provide  at  least  100  hours  of  power.  Thus,  it  is  easy 
to  imagine  never  being  without  a  computer  more  than  a  few  seconds  away.  This 
concept  is  so  new,  its  implications  are  still  not  clear.  What  is  clear,  how¬ 
ever,  is  that  at  least  for  some  time  few  trainees  are  likely  to  have  an  HHC 
bought  for  them  by  the  U.S.  Army.  The  Radio  Shack  PC2  may  have  and  the  Pana¬ 
sonic/Quasar  does  have  features  of  great  use  to  high  ranking  officers.  These 
devices  have  a  real-time  clock,  alarm,  and  message  system  which  lets  one  set 
multiple  alarms  for  the  future  and  attach  a  message  to  each.  A  user  of  this 
HHC  should  never  again  forget  a  meeting,  appointment,  or  medication.  The  same 
device  lets  the  user  create  and  search  files  he  has  constructed:  phone  numbers, 
"tickler"  files,  etc. 


If  an  HHC  is  always  with  the  user,  the  training  applications  are  end¬ 
less.  Even  with  the  more  typical  situation  (HHCs  that  are  not  regularly  car¬ 
ried  with  the  user),  there  are  at  least  two  good  applications  of  the  portability 
capability  of  HHCs;  field  training  and  salvaged  time.  Often  trainees  must  walk 
around  or  be  a  passenger  in  a  vehicle  to  perform  their  duties.  In  such  cases 
there  may  be  a  considerable  advantage  to  a  portable  training  system.  Moving 
great  distances  is  not  necessary:  a  lab  or  shop  technician  being  trained  to 
perform  a  multi-step  task  in  a  large  work  area  will  find  it  much  more  conven¬ 
ient  to  carry  an  HHC  (plus  a  chemical  flask,  or  a  machine  part)  from  work¬ 
station  to  workstation  rather  than  returning  to  a  central,  fixed  CAI  terminal 
after  each  step. 

If  HHCs  were  adopted  by  the  Army  for  certain  MOSs,  wasted  time  could 
be  recaptured.  Salvaging  wasted  time  can,  in  effect,  add  one  to  four  hours  of 
training  time  to  a  soldier's  day.  By  carrying  an  HHC  loaded  with  training 
material,  anyone  who  spends  a  lot  of  time  waiting  (e.g.,  a  derrick  operator  or 
a  security  guard)  can  regain  time  which  is  otherwise  boring. 


Piggybacking  and  Embedding  Capabilities.  Piggybacking  training  is 
typically  a  sound  and  cost-effective  concept  whether  the  computer  system  used  is 
a  maxi-,  mini-,  micro-,  or  hand-held.  Because  many  HHCs  have  keys  uat  can  be 
reprogrammed  for  each  application  package,  it  is  very  feasible  to  place  a  key¬ 
board  overlay  on  an  HHC  which  does  Civil  Engineering  or  aviation  calculations, 
exchange  the  read-only  memory  chip  (ROM)  so  training  rather  than  computation 
can  be  done,  and  commence  training.  Easy  access  to  and  familiarity  with  the 
computer  tend  to  promote  convenient  training.  The  extra  advantage  of  HHCs  is 
the  range  of  subject  matter  which  they  are  expected  to  have  will  expand  the 
range  of  training  opportunities. 


Embedded  training  is  another  capability  which  is  feasible  on  other 
devices,  but  which  may  find  more  applications  with  HHCs.  Embedded  training  is 
training  which  is  an  intrinsic  part  of  a  tool  or  machine  (generally  an  "intelli¬ 
gent"  device).  When  an  operator  of  the  intelligent  device  uses  it,  it  may  sense 
training  Is  appropriate  and  branch  the  operator  to  a  training  routine.  An 
oversimplified  example:  if  the  user  of  an  office  copier  pressed  the  "COPY" 
button  three  times  without  inserting  a  new  original,  an  intelligent  copier 
could  surmise  the  user  is  unfamiliar  with  the  multiple  copy  controls  and  provide 
a  short  set  of  directions.  Such  a  copier  does  not  yet  exist:  intelligent 
copiers  exist,  but  they  would  use  an  internal  microprocessor  for  embedded 
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training,  not  a  separate  HHC.  However,  few  of  the  existing  machines  used  by  the 
Army  are  intelligent.  To  upgrade  these  devices  without  retooling,  the  Army  or  a 
manufacturer  may  find  it  cost-effective  to  retrofit  an  HHC  into  a  new  or  exist¬ 
ing  machines  for  monitoring  and  controlling  purposes.  Once  this  has  been 
accomplished,  embedding  training  in  the  monitoring  and  controlling  programs  is 
straightforward. 

Size.  Even  when  a  power  cord  is  not  a  disadvantage,  the  tiny  size  of  a 
HHC  may  offer  advantages  over  a  microcomputer.  No  doubt  that  is  why  an  HP-41 C 
was  chosen  for  use  by  space  shuttle  astronauts.  Most  situations  requiring 
miniaturization  are  related  to  moving  vehicles  and  have  already  been  discussed 
under  the  "portability"  heading;  nevertheless,  there  is  usually  an  advantage  to 
consuming  less  space:  a  desk  with  a  HHC  on  it  is  less  crowded  than  a  desk  with 
a  microcomputer  on  it. 

Cost.  Smaller  devices  have,  in  general,  meant  smaller  prices.  This 
has  been  one  of  the  reasons  for  the  success  of  microcomputers.  The  HHCs  now  on 
the  market  list  in  the  $170  to  $250  range.  The  Panasonic/Quasar  lists  for  $500- 
$600.  These  prices  are  very  low;  however,  as  with  microcomputers,  peripherals 
can  raise  the  price  to  nearly  $2,500. 


Reasons  for  Using  Other  Media 


The  portability  of  HHCs  places  severe  constraints  on  the  keyboard  and 
display.  No  pocket-si.te  HHC  has  a  keyboard  on  which  one  can  easily  touch  type, 
although  it  is  barely  possible  on  the  Panasonic/Quasar.  A  standard-size  key¬ 
board  would  limit  portability  considerably.  Some  HHCs  use  an  ABCDE-format  key¬ 
board  with  a  10-key  numerical  layout  which  may  be  easier  for  some  types  of  users 
to  operate.  However,  no  matter  which  HHC  is  considered,  it  is  clear  that  enter¬ 
ing  large  amounts  of  information  is  slower  and  less  desirable  on  an  HHC. 

The  same  constraints  that  make  the  keyboard  small  limit  the  size  of 
the  display.  Information  presentation  in  the  traditional  mode  of  a  CBI  tutorial 
is  not  practical.  It  would  be  practical  to  use  other  portable  media  (e.g., 
printed  matter)  to  provide  background  information,  rules  for  simulation  and 
games,  etc.,  and  to  perform  the  interaction  on  the  HHC.  Within  the  space  con¬ 
straints  of  the  display,  the  dot  matrix  screen  provides  much  more  flexibility 
for  generating  graphics  and  user-designed  characters.  For  reasonable  graphics, 
however,  a  flat  TV  image  is  needed.  Animation  of  the  existing  displays  is 
limited  by  the  speed  of  the  microprocessor  and  the  persistence  of  the  LCD  dis¬ 
play. 

In  conclusion,  it  is  apparent  that  the  tradeoff  between  small  size 
(for  portability)  and  large  size  (for  better  keyboards  and  displays)  is  not 
clearly  resolvable  via  technological  advance.  Battelle  believes  the  severe 
display  constraints  will  restrict  the  CAI  role  of  HHC  at  least  until  voice  in¬ 
put  and  output  capabilities  are  added.  We  feel  that  initially  HHCs  will  be 
used  in  those  cases  where  mobility  of  the  training  device  is  paramount. 
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Instructional  Strategies 


CAI  on  any  type  or  size  of  machine  is  often  found  to  be  most  accep¬ 
ted  and  cost-effective  when  the  computer  is  used  for  the  "high  level"  (a  la 
Bloom)  types  of  instruction  (inquiry,  problem  solving,  simulation,  etc.)  or 
when  large  data  bases  are  used  (e.g.,  foreign  language  training).  These 
techniques  cannot  be  accomplished  via  other  media. 

Individualized  instruction  has  also  been  found  to  produce  consistent 
cost  savings,  and  sometimes  increased  effectiveness.  The  Army  is  increasing 
the  use  of  computer-supported  delivery  systems  in  selected  training  situations. 
Use  of  computers  in  the  resident  training  environment  is  also  increasing. 

Thus,  computer  managed  instruction  (CMI)  may  provide  appropriate  situations 
for  implementing  HHCs.  The  development  of  a  CMI  capability  for  an  HHC,  how¬ 
ever,  is  a  considerable  investment  and  many  of  the  feasibility  concerns  for 
CMI  on  an  HHC  can  be  satisfied  by  a  study  of  CAI  feasibility.  Thus,  a  test 
and  evaluation  plan  of  CMI  for  HHCs  is  not  recommended  at  this  time. 


Compelling  Instructional  Uses  for  the  HHC 


The  first  uses  of  HHCs  for  instruction  are  likely  to  be  similar  in 
some  ways  to  the  first  uses  of  large  computers  for  instruction  --  but  for 
different  reasons.  Years  ago  the  first  CAI  instruction  was  often  concentrated 
in  math  because  math  is  so  easy  to  program.  On  HHCs,  mathematical  topics  are 
especially  promising  because  the  inputs  and  outputs  are  very  concise  and  thus 
are  not  constrained  by  the  limited  display  capabilities. 

Examples  of  uses  where  an  HHC  makes  an  outstanding  contribution  to 
instructional  services  should  not  be  expected  at  this  time  in  standard  MOS 
school  courses.  Over  time  solutions  have  been  found  for  most  training  needs  or 
these  needs  have  been  "buried"  by  the  structured  nature  of  the  training.  For 
example,  experienced  automotive  mechanics  can  use  engine  noises  and  other 
sounds  to  troubleshoot  mechanical  problems.  Since  these  sounds  are  difficult  to 
produce  and  control  in  a  learning  environment,  they  are  not  usually  included  as 
part  of  the  course  objectives,  and  alternative  troubleshooting  and  preventative 
maintenance  techniques  are  established.  Eventually,  the  need  for  auditory  simu¬ 
lation  of  various  engine  noises  for  training  is  forgotten.  Sound  synthesizers 
capable  of  simulating  engine  noises  are  now  available,  but  the  "need"  no  longer 
exists. 


Probably  one  should  expect  to  find  the  best  examples  of  HHC  applica¬ 
tions  in  non-traditional  settings:  exported  training,  skill  maintenance  train¬ 
ing,  games  for  off-hours  use,  etc.  Many  of  the  applications  could  come  in 
places  where  little  or  no  training  is  currently  provided.  For  example,  an  HHC 
could  be  provided  on  the  job  where  a  soldier  is  required  to  use  a  large  number 
of  acronyms  or  part  numbers. 

These  more  expansive  uses  of  an  HHC  may  be  impractical  for  a  demon¬ 
stration  project,  but  they  should  be  kept  in  mind  for  the  long  range.  Further¬ 
more,  such  uses  might  prove  to  be  so  popular  that  evaluations  would  be  flavored 
with  the  strong  emotional  reaction  to  the  HHC,  not  the  rational,  fact-based 
reaction  which  would  be  more  general izable. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


i  Recommendations  for  Training  Developers  on  Use  of  HHCs 

i 


Aluiough  HHCs  have  not  been  applied  to  Army  training  needs  and  tested 
for  effectiveness,  a  number  of  recomnendations  can  be  made,  based  on  analogies 
to  other  CAI  applications  and  the  characteristics  of  available  devices. 

First,  HHCs  do  not  appear  useful  for  delivery  of  initial  instruction, 
due  to  their  display  limitations.  They  do  appear  useful  for  delivery  of  rein¬ 
forcement  (supplemental)  or  remedial  training.  Inputs  and  outputs  must  be  kept 
brief,  and  references  to  student  handouts  will  often  be  required  to  circumvent 
the  display  limitations. 

Second,  the  availability  of  large  amounts  of  modular  ROM  for  the 
device  chosen  is  important. 

Third,  applications  that  capitalize  on  the  HHCs  size  and  portability 
or  that  use  the  HHC  for  piggybacking  training  will  be  useful. 

Fourth,  applications  that  involve  drill-and-practice  on  a  large  (^1 00) 
number  of  items,  that  involve  adaptive  difficulty,  or  that  involve  branching, 
will  prove  useful  on  an  HHC.  Applications  that  involve  complex  problem  solving, 
graphics,  or  complex  response  judging  will  prove  difficult  on  an  HHC. 

Tasks  to  be  Implemented 


Two  courses  with  different  types  of  applications  should  be  chosen  to 
demonstrate  the  feasibility  of  using  HHCs  for  enhancing  training.  These 
courses  should  be  the  63B10  course  (troubleshooting  using  TM's)  and  the  45610 
course  (basic  digital  electronics).  Sufficient  material  can  be  programmed  for 
each  course  to  provide  a  test  and  evaluation  of  HHCs  for  enhancing  training. 


Hardware  Availability  and  Appropriateness 


Many  of  the  commercially  available  HHCs  can  handle  the  applications 
identified.  All  have  extra  features  that  are  not  needed  for  training.  Extra 
capabilities  (e.g.,  memory)  may  be  needed  for  initial  applications,  to  accom¬ 
modate  multiple  applications,  or  for  conducting  a  test  and  evaluation  study. 

The  Panasonic/Quasar  HHC  appears  capable  of  handling  all  the  applica¬ 
tions  identified.  The  HP-41C'and  the  TI-59  are  most  suitable  for  math 
problem  solving  and  math  drill  and  practice,  as  found  in  the  45G10  and  44E30 
courses.  The  Sharp/Radio  Shack  PCI  and  Pinetree  have  insufficient  memory 
capability  for  most  applications. 

If  two  courses  are  chosen  to  demonstrate  the  feasibility  of  using 
HHCs  for  enhancing  training,  the  Panasonic/Quasar  HHC  would  make  a  good  choice 


for  the  63B10  course  applications,  and  t*e  HP-41C  would  make  a  good  choice  for 
the  45610  course  applications.  The  HP-41C's  recently  announced  peripherals 
and  its  comparatively  large  quantity  of  existing  software  (for  example,  an 
algorithm  for  number  system  conversions)  make  it  more  attractive  than  the  TI- 
59  for  this  application. 


Conduct  of  a  Feasibility  Test  and  Evaluation 


A  feasibility  test  and  evaluation  study  is  recommended  to  evaluate 
the  effectiveness  of  HHCs  compared  to  traditional  modes  of  supplementing  train¬ 
ing.  Two  courses  and  two  different  devices  should  be  chosen  to  provide  a 
range  of  device  types  and  course  applications. 

The  applications  should  be  refined  and  programmed  in  consultation 
with  subject  matter  experts  for  each  course.  After  programming  is  completed, 
several  devices  of  each  type  to  be  used  in  the  test  should  be  procurred  and 
used  in  a  pilot  test. 

A  detailed  feasibility  test  and  evaluation  study  plan  should  be 
developed  for  the  HHC  segments  of  the  courses.  This  plan  should  include  the 
conduct  of  a  pilot  test  and  full-scale  tests  to  evaluate  the  effectiveness  of 
HHCs.  Among  other  matters,  the  plan  should  describe  the  source  of  control 
group  data  for  the  test. 

Finally,  sufficient  HHCs  should  be  procurred  for  the  test,  and  the 
test  conducted. 


